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1.0   Introduction 

1.1 Application Overview 
Arizona Public Service Company (APS) operates the Four Corners Power Plant (FCPP), a privately 
owned and operated coal-fired power plant located on the Navajo Nation, about 25 miles west of 
Farmington, New Mexico (see Figure 1-1).  The facility currently consists of five power generating 
units, with a total capacity of approximately 2,100 megawatts (MW).  On August 24, 2012, the United 
States Environmental Protection Agency (EPA) promulgated a source-specific Federal 
Implementation Plan (FIP) requiring the FCPP to achieve emissions reductions required by the Clean 
Air Act's (CAA) Best Available Retrofit Technology (BART) provision (77 FR 51620).  In order to 
comply with EPA’s source-specific FIP, it is presumed that APS will retire Units 1, 2, and 3 by January 
2, 2014.  Units 4 and 5, with a total capacity of approximately 1,500 MW, will continue to operate with 
NOx emissions limited to 0.098 lb/MMBtu, based on a rolling average of 30 successive boiler 
operating days.   

Construction of the Selective Catalytic Reduction (SCR) system (Project or SCR Retrofit Project) to 
reduce NOx emissions to the required limit is expected to start in mid 2015 with operation planned by 
July 2018.  For particulate matter (PM) emissions, EPA is requiring Units 4 and 5 to meet an emission 
limit of 0.015 lb/MMBtu and has retained the existing 20 percent opacity limit in the facility’s current 
permit. EPA is also requiring FCPP to comply with a 20 percent opacity limit on its coal and material 
handling operations. 

This Prevention of Deterioration (PSD) permit application is being submitted to address potential 
emissions increases related to the installation of SCR systems at FCPP, for the FCPP SCR Retrofit 
Project.  The SCR Retrofit Project requires a PSD permit due to significant emission increases for 
sulfuric acid (H2SO4) mist, respirable particulate (PM10), and fine particulate matter (PM2.5).  Although 
this Project is located on the Navajo Nation, the Navajo Nation does not have PSD authority, and 
hence this application is being submitted to the EPA in Region 9. 

1.2 Environmental Impact Review 
APS recently executed a lease amendment (Lease Amendment No. 3) with the Navajo Nation to 
extend the life of the FCPP an additional 25 years, from 2016 to 2041. The proposed FCPP lease 
amendment and rights-of-way (ROWs) renewals are expected to require certain federal actions, 
including: 

• Approval from Bureau of Indian Affairs (BIA) of Lease Amendment No. 3 for the FCPP site, 
which has been signed by the Navajo Nation after Navajo Nation Council approval, pursuant 
to 25 United States Code (USC) § 415. 

• Issuance by BIA of renewed ROWs for existing facilities, pursuant to 25 USC § 323, for the 
FCPP including all associated switchyards and ancillary facilities, a 500 kilovolt (kV) 
transmission line and the Moenkopi Switchyard, and two 345-kV transmission lines. All 
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facilities except 34 miles of the 500-kV transmission line, which crosses Hopi tribal land, are 
located on the Navajo Nation.  

As connected actions related to the proposed FCPP lease amendment approval and renewed ROW 
grant actions, BHP Navajo Coal Company (BNCC) proposes to develop a new permit area, called the 
Pinabete Permit, which is located adjacent to the FCPP on the Navajo Nation. The new Pinabete 
Permit area would, in conjunction with the mining of any reserves remaining within the existing Navajo 
Mine Permit area (Federal SMCRA Permit NM0003F), supply low-sulfur coal to the FCPP at a rate of 
approximately 5.8 million tons per year. Development of the Pinabete Permit area and associated coal 
reserves would use surface mining methods and, based on current projected customer needs, would 
supply coal to FCPP for up to 25 years beginning in 2016.  

In accordance with the National Environmental Policy Act (NEPA), 42 U.S.C. 4231–4347; the Council 
on Environmental Quality’s (CEQ) regulations for implementing NEPA, 40 CFR Parts 1500 through 
1508; and the Department of the Interior’s (DOI) NEPA regulations, 43 CFR Part 46, the Office of 
Surface Mining Reclamation and Enforcement (OSM), Western Region (WR), Denver, Colorado, is 
preparing an Environmental Impact Statement (EIS) to analyze the effects of the related proposed 
federal undertakings. The Record of Decision for the EIS is scheduled for the first quarter of 2015. 

APS’s proposed action to be analyzed in the EIS includes ceasing operations of Units 1, 2 and 3, 
installing SCR systems on the two remaining operating units (4 and 5), and continuing operations of 
the transmission lines and ancillary facilities. The EIS will also analyze the effects of full 
implementation of the proposed Pinabete Permit and continued operations of transmission lines 
associated with the FCPP that are operated by Public Service Company of New Mexico (PNM). 

OSM and the proponents are engaging in Section 7 consultation under the Endangered Species Act 
(ESA) concurrent with the EIS process. One of the many parts of the Section 7 process for this Project 
includes the preparation of an ecological risk assessment (ERA) to evaluate the potential effects to 
federally listed species and their habitats from FCPP stack emissions that are deposited on the 
landscape.  Increased emissions of H2SO4 mist predicted to occur once SCRs are installed is part of 
the ERA for species identified for this analysis.  A draft of this ERA has been completed and submitted 
to OSM for review. The ESA-related impacts associated with SCR operations have been extracted 
from this assessment and are provided in Appendix E. 

Associated with the EIS process, OSM is leading the effort to comply with Section 106 of the National 
Historic Preservation Act (NHPA), which requires that the lead federal agency take into account the 
effects of its undertakings on historic properties.  Because the Section 106 process coincides with the 
EIS process, public involvement for Section 106 coordination will be concurrent with the public 
comment periods for the EIS. There are no known eligible historic buildings or other structures that 
would be affected by the installation of SCR Systems on Units 4 and 5, based on existing available 
information.  APS is working with OSM and the appropriate historic preservation officers to develop a 
Programmatic Agreement that will establish a formal process for future consultation and compliance, 
and to resolve how to address potential adverse effects on eligible historic properties as appropriate. 
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1.3 Document Overview 
This PSD application addresses the permitting requirements of the federally mandated program for 
PSD review (40 CFR 52.21) for a major modification to an existing major source.  Section 2 provides 
an overview of the proposed Project and the processes covered by this PSD application.  Section 3 
discusses the regulatory setting for the Project.  Section 4 presents the emissions anticipated from the 
operation of the facility.  Section 5 provides the control technology evaluation for those pollutants 
subject to PSD review.  Section 6 presents a detailed discussion of the dispersion modeling 
procedures and applicable standards to which the predicted impacts are compared.  Finally, Section 7 
includes the regulatory and technical citations used in the document.   

Attached to this application are several appendices as listed below:  

• Appendix A – Emission Calculations 

• Appendix B – EPA RACT/BACT/LAER Clearinghouse Data 

• Appendix C – Dispersion Modeling Files (DVD) 

• Appendix D – Plume Visibility Assessment for the Four Corners Power Plant and Navajo Mine 
Energy Project 

• Appendix E – Endangered Species Act Analysis 

1.4 Applicant Information 
Listed below are the applicant's primary points of contact and the address and phone number where 
they can be reached.   

Name:   Arizona Public Service Company 
   Four Corners Electric Power Station 
 
Address:  PO Box 35 
   Fruitland, NM 87416-0355 
 
Location:  End of San Juan County Road 6675 
   Fruitland, NM 
 
Contacts:  David C. Bloomfield, Plant Manager 
   APS 
   (505) 598-8405 
   david.bloomfield@aps.com  
 
   Mark Hajduk, Environmental Contact 
   APS 
   PO Box 53999, MS 9303, Phoenix, AZ 85072-3999 
   400 N 5th Street, MS 9303, Phoenix, AZ 85004 
   (602) 250-3394 
   Mark.Hajduk@aps.com 
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In addition to the APS contacts provided above, environmental consultants familiar with the 
preparation of this application who can be contacted related to questions on this application include: 

   Sara Head, Permitting Lead 
   AECOM  
   (805) 233-3995 
   sara.head@aecom.com 

   Bob Paine, Modeling Lead 
   AECOM 
   (978) 905-2352 
   bob.paine@aecom.com 

 
  

mailto:bob.paine@aecom.com�
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Figure 1-1 Four Corners Power Plant Location 
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2.0   Project Description 

2.1 Project Overview 
This FCPP SCR Retrofit Project involves the installation of emissions control technology at an existing 
coal-fired power plant.  In order to limit NOx emissions from Units 4 and 5, APS is planning to install 
SCR on both units.  The use of SCR tends to oxidize some SO2 to SO3 which results in increased 
sulfuric acid (H2SO4) mist, PM10, and PM2.5 emissions.  In order to minimize H2SO4, PM10, and PM2.5 
emission increases, APS proposes to install a dry sorbent injection (DSI) system using lime as the 
sorbent.  The Project will be subject to PSD rules for H2SO4, PM10, and PM2.5 emission increases.   

New and affected emission sources associated with the Project are listed below: 

• Units 1, 2, and 3 are going to be permanently retired by January 2, 2014; 

• Units 4 and 5 will be modified by adding new emission controls.  SCR will be added to control 
NOx emissions and dry sorbent injection will be added to control H2SO4, PM10, and PM2.5 
emissions; 

• Truck traffic will increase due to the delivery of reagent for the dry sorbent injection system 
resulting in increased fugitive emissions from paved plant roads; 

• Truck traffic will increase due to the delivery of urea pellets, 29% aqueous ammonia, or 
anhydrous ammonia for the SCR system resulting in increased fugitive emissions from paved 
plant roads; 

• A new pneumatic dry sorbent truck unloading system and silo will be installed; and  

• A new pneumatic urea pellet truck unloading system and silo may be installed if this reagent 
option is selected for the SCR system or a new ammonia truck unloading station and storage 
tank will be installed if either the aqueous or anhydrous ammonia option is selected for the 
SCR system. 

These Project components are described in more detail below.  

2.2 Process Descriptions 
2.2.1 SCR System 

2.2.1.1 SCR Equipment Description 

SCR systems are the most widely used post-combustion control technology for achieving significant 
reductions in NOx emissions.  In SCR systems, vaporized ammonia injected into the flue gas stream 
acts as a reducing agent, achieving low NOx emission depending upon the amount of catalyst.  The 
NOx and ammonia reagent react to form nitrogen and water vapor.  The reaction mechanisms are 
very efficient, with a reagent stoichiometry of approximately 1.05 (on a NOx reduction basis) with low 
ammonia slip (unreacted ammonia emissions).    
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SCR converts nitrogen oxides to nitrogen and water by the following reactions:  

4NO + 4NH3 +O2  4N2 + 6H2O    (1) 

6NO + 4NH3  5N2 + 6H2O    (2) 

2NO2 + 4NH3 + O2  3N2 + 6H2O   (3) 

6NO2 + 8NH3  7N2 + 12H2O    (4) 

NO + NO2 + 2NH3  2N2 + 3H2O   (5) 

The reactions take place on the surface of a catalyst.  The function of the catalyst is to effectively 
lower the activation energy of the NOX decomposition reaction.  Vanadium pentoxide (V2O5) is the 
main active ingredient in an SCR catalyst.  It is also responsible for the unwanted conversion of SO2 
to SO3.  Thus, efforts to reduce the SO2 to SO3 conversion can counteract efforts to increase NOx 
reduction.  A simplified schematic drawing of a typical SCR system is illustrated in Figure 2-1. 

 

Figure 2-1 SCR System Simplified Schematic Drawing  
(Courtesy of the Babcock and Wilcox Company) 
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The SCR reactor is the housing for the catalyst.  The reactor is basically a widened section of duct 
work modified by the addition of gas flow distribution devices, catalyst, catalyst support structures, 
access doors, and soot blowers.  An ammonia injection grid is located upstream of the SCR reactor, 
and the system can be designed with or without a flue gas bypass.  The SCR reactor is typically 
elevated above and behind the air preheater and upstream of emissions control equipment; gas flow 
direction through the reactor is typically vertically downward for coal fired applications.  In a “high dust” 
SCR arrangement, the reactor is located between the outlet of the economizer and the inlet of the air 
preheater.  The high dust system is typically the most economical and preferred arrangement, where 
physically possible. 

The SCR reaction occurs within the temperature range of 550° to 850° F; the extremes are highly 
dependent on the fuel quality.  The practical minimum operating temperature (MOT) is often between 
600° and 650°F, depending on chemistry.  Units 4 and 5 at Four Corners will likely require an 
economizer bypass to raise temperatures during start-ups and allow the SCR systems to come on-line 
sooner so that they can make the required 30-day rolling average NOx emission limit.  To increase the 
probability of meeting the 30-day rolling average NOx emission limit, Units 4 and 5 may at times be 
operated at the Minimum Ammonia Injection Temperature (MAIT).  MAIT is typically 50° to 60° F less 
than the MOT. This operation strategy would allow NOx to be controlled at a lower temperature, but 
runs the risk of catalyst fouling.  The unit must run above the MOT for at least twice as long as it 
operates below the MOT to eliminate fouling that accumulated.  There must be a high probability that 
the Unit will be able to complete the startup before deciding to operate below the MOT. This could 
also impair the ability for the air preheater to remove SO3. The oxidation of SO2 to SO3 could also 
require moderate air preheater modifications, since the acid dew point temperature of the flue gas is 
directly related to SO3 concentration.  As the SO3 concentration increases, the acid dew point of the 
flue gas increases, potentially increasing corrosion in downstream equipment or possibly requiring an 
increase in the air preheater gas outlet temperature or the addition of some flue gas treatment system 
to remove the SO3. 

The ammonia reagent for the SCR systems can be supplied by anhydrous ammonia, aqueous 
ammonia, or by conversion of urea to ammonia.  Since the ammonia is vaporized prior to contact with 
the catalyst, the selection of ammonia type does not influence the catalyst performance.  However, 
the selection of ammonia type does affect all other subsystem components, including reagent storage, 
vaporization, injection control, and balance-of-plant requirements.  This permit application addresses 
all three reagents as APS has not made a final decision on the SCR reagent to be used.  

SCR systems have a variety of interfacing system requirements to support operations.  These 
requirements predominately relate to draft, auxiliary power, soot blowing steam, gas temperature, 
controls, ductwork, reactor footprint, and air preheater.  The SCR system will affect the boiler draft 
system.  Depending on arrangement and performance requirements, draft losses can range from 6 to 
12 inches of water gauge pressure.  This can be compensated for by modifying the draft system with 
the addition of ID booster fans.  If necessary, ductwork and/or boiler box reinforcement need to be 
considered.  In conjunction with the fan modification, the upgrade of the auxiliary power system might 
be necessary.  Auxiliary power modifications may also be necessary for ammonia supply system 
requirements. 
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The major impact of the SCR system can be seen at the air preheater, where there are two areas of 
concern.  One concern is the formation and deposition of ammonium bisulfate on the air preheater 
surface.  This accumulation will cause an increase in the pressure drop of the air preheater.  The other 
potential danger for the air preheater is high concentrations of SO3 in the flue gas.  If the acid dew 
point has been increased to more than the exhaust temperature, a significant amount of acid gases 
will condense in the air preheater and lead to plugging and corrosion.  Several provisions can be 
made to avoid or correct this situation.  Most important is the right composition of the catalyst to 
minimize SO2 to SO3 conversion rate while maintaining the NOx conversion rate and the proper 
temperature control of the flue gas entering the reactor.   

2.2.1.2 Reagent Type, Storage and Transport Description 

The reagent for the SCR system has not been finally selected at this time, but will be urea pellets, 
29% aqueous ammonia, or anhydrous ammonia.  This PSD application provides emissions 
calculations for all three reagents.  Project emissions and dispersion modeling are based on the 
worst-case emissions from any of these three options.  The EIS that is being prepared is assessing 
each of these options as alternatives.   

Urea Pellet Option 

If urea pellets are selected for this Project, the pellets will be received by truck and pneumatically 
conveyed to a storage silo. The air emission sources associated with the use of urea pellets will be 
truck travel on paved roads and a vent on the silo which will have a baghouse for emission control.  If 
urea is used, a catalytic system will be used to convert urea pellets to ammonia.   

Urea delivery trucks will each travel 0.36 miles/round trip on paved roads.  Approximately, 874 trucks 
per year will be required to meet the SCR demand which is expected to be approximately 17,500 tons 
per year (tpy).  Each truck will weigh approximately 32 tons when filled and 12 tons when empty. 

The urea silo will be approximately14 feet diameter and be 30 feet tall, including urea transport 
equipment beneath the silo. 

Aqueous Ammonia Option  

If 29% aqueous ammonia is selected for this Project, it will be received by truck and pumped to a 
pressurized storage tank.  There will not be emissions from the pressurized tank.  The only air 
emission sources will be truck travel on paved roads.   

Aqueous ammonia delivery trucks will each travel 0.36 miles/round trip on paved roads.  
Approximately, 1,504 trucks per year will be required to meet the SCR aqueous ammonia demand 
which is expected to be approximately 33,800 tpy.  Each truck will weigh approximately 34.5 tons 
when filled and 12 tons when empty. 

Anhydrous Ammonia Option  

If anhydrous ammonia is selected for this Project, it will be received by truck and pumped to a 
pressurized storage tank.  There will not be emissions from the pressurized tank.  The only air 
emission sources will be truck travel on paved roads.   
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Aqueous ammonia delivery trucks will each travel 0.36 miles/round trip on paved roads.  
Approximately, 643 trucks per year will be required to meet the SCR anhydrous ammonia demand 
which is expected to be approximately 9,970 tpy.   Each truck will weigh approximately 27.5 tons 
when filled and 12 tons when empty. 

2.2.2 Dry Sorbent Injection System 

2.2.2.1 DSI Equipment Description 

Dry sorbent injection, either before or after the air preheater, of hydrated lime or a sodium based 
reagent (Trona or sodium bicarbonate) has been shown to be effective for acid gas control.   

Performance is affected by the following factors (Sewell and Dickerman 2012): 

• Reagent Properties 

− Reactivity 

− Surface area 

− Porosity 

• Flue Gas properties 

− Temperature 

− Moisture 

− Other competing acid gases 

• Injection System Configuration 

− Type of particulate control 

− In flight residence time 

− Reagent mixing 

− Injection location 

For the FCPP SCR Retrofit Project, the preferred sorbent is hydrated lime.  If a sodium based reagent 
is used, sorbent consumption would be high due to reaction with SO2.  APS has a lime-based wet 
scrubber to control SO2 and does not need DSI for SO2 control.  Another reason for not using sodium 
is the possible occurrence of sodium bisulfate formation with adverse impacts on the air preheater.  
Lime will enable APS to continue to sell ash which would not be possible with the use of a sodium 
based reagent.  Milling is typically used to maximize the performance of sodium based sorbents, but is 
not needed for the lime-based DSI system proposed by APS. 

Reactions of hydrated lime and acid gases are based on gas solid contact.  Surface area and pore 
volume are very important for high performance.  Optimized hydrated lime with high surface area and 
high porosity are available to control H2SO4 mist emissions. 

A typical dry sorbent injection system is shown Figure 2-2.   
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Figure 2-2 Typical Dry Sorbent Injection Process Schematic (Source: Dry Sorbent Injection for 
Acid Gas Control, Babcock & Wilcox Power Generation Group Paper No. PS-451)   

2.2.2.2 Reagent Storage and Transport Description 

The DSI process proposed by APS will use hydrated lime.  Lime will be received by truck and 
pneumatically conveyed to a storage silo. The air emission sources associated with the use of lime 
will be truck travel on paved roads and a vent on the silo which will have a baghouse for emissions 
control.   

Lime delivery trucks will each travel 0.85 miles/round trip on paved roads.  Approximately, 900 trucks 
per year delivering 10,800 tpy of hydrated lime are expected to be required.  Each truck will weigh 
approximately 24 tons when filled and 12 tons when empty. 

The lime silo will be approximately 14 feet diameter and 80 feet tall, including lime transport 
equipment beneath the silo.    

Figure 2-3 shows the location of the proposed silo(s) and the routes that have been assumed for the 
delivery trucks.   
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Figure 2-3 Location of Proposed Reagent Silos and Delivery Truck Routes 
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2.3 Construction Schedule 
In order to meet regulatory requirements, construction of the FCPP SCR Retrofit Project to reduce 
NOx emissions must start by mid 2015 with operation planned by July 2018.  This PSD permit 
application is being submitted now to ensure that adequate time is available for final engineering and 
equipment procurement to be completed in order to meet this schedule. 

2.4 Operating Schedule 
Units 4 and 5 at the FCPP are currently permitted to operate 24 hours per day, 7 days per week.  No 
changes to this permitted operating schedule are proposed as a result of this Project.   

APS proposes to operate the SCR systems at all times when Units 4 and 5 are operating except 
during times when the units are below the optimal temperature range for SCR system operation, such 
as during startup of the units.   

APS will operate the DSI system at the injection rate needed to meet the permitted emission limits.    

2.5 Standard Industrial Classification Code 
The United States government has devised a method for grouping all business activities according to 
their participation in the national commerce system.  The system is based on classifying activities into 
"major groups" defined by the general character of a business operation.  For example, electric gas 
and sanitary services are defined as a major group.  Each major group is given a unique two-digit 
number for identification.  Electric Services (Fossil fuel power generation) has been assigned major 
group code “49”.  To provide more detailed identification of a particular operation, an additional two-
digit code is appended to the major group code.  In the case of Four Corners the applicable Standard 
Industrial Classification (SIC) code is 4911. 

The SIC Code system is widely used although the United States government replaced it with the 
North American Industrial Classification System (NAICS) in 1997.  This system's organization is 
similar to the SIC codes.  Under this system, this facility would be classified under 221112, Fossil fuel 
electric power generation. 
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3.0   Regulatory Setting 

This section presents a review of the air quality regulatory requirements applicable or potentially 
applicable to the construction and operation of the Project. 

3.1 PSD Permitting Authority  
The Four Corners Power Plant is located on the Navajo Nation within the State of New Mexico.  As a 
federally recognized tribe, the Navajo Nation is considered sovereign and is not subject to the 
regulations of the State of New Mexico. The Nation is subject to federal (U.S.) regulations as are 
individual states.  While the FCPP is not subject to regulation by the Navajo Nation, it developed a 
voluntary compliance agreement with the Navajo Nation Environmental Protection Agency (NNEPA), 
which issued the Title V Operating Permit.  The Navajo Nation has been delegated authority under the 
CAA by the EPA to issue Title V Operating Permits, but they have not been delegated authority to 
issue PSD permits.  Because PSD authority has not been delegated, the PSD permit will be issued by 
EPA.  Although the FCPP is located in New Mexico, most of the Navajo Nation is located in Arizona 
and hence PSD permitting of the Project falls under the jurisdiction of EPA Region 9 (see 
http://www.epa.gov/region9/air/maps/images/AIR1100040_7gnew.gif). 

3.2 National Ambient Air Quality Standards 
The CAA gives EPA the authority to establish the minimum level of air quality that all areas within the 
U.S. are required to achieve.  EPA has developed standards to protect the public health and welfare, 
through primary and secondary National Ambient Air Quality Standards (NAAQS), respectively.  The 
NAAQS are presented in Table 3-1.  In the context of permitting for the FCPP SCR Retrofit Project, a 
compliance demonstration for the NAAQS is required for only those regulated pollutants that will have 
a significant net emissions increase.  As shown in Section 3.3, the net changes in emissions resulting 
from the Project will be significant for respirable particulate matter (PM10), fine particulate matter 
(PM2.5) and sulfuric acid (H2SO4) mist. 

The area in which a project is located affects which regulatory standards are applicable.  One of the 
basic goals of federal, state, and tribal air quality regulations is to ensure that ambient air quality 
complies with the NAAQS.  To this end, the EPA has classified all regions of the country as 
“attainment,” “non-attainment,” or “unclassifiable” areas based on their compliance with the ambient 
air quality standards.  An area is classified as in attainment if the ambient air quality concentration for 
a specific pollutant, as measured by a monitor (or, as applicable, modeling) using defined reference 
methods, is below the standard concentration level for a specified set of averaging periods.   

The Four Corners facility is located in San Juan County, NM which has been designated by the EPA 
as “attainment” or “unclassifiable” for all criteria pollutants/NAAQS for which EPA has issued a 
designation.    
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Table 3-1 National Ambient Air Quality Standards 

Pollutant 
Primary Standards Secondary Standards 

Averaging Time Level Averaging 
Time Level 

Carbon Monoxide 
(CO) 

8-hour (1) 9 ppm (10 µg/m3) 
None 

1-hour (1) 35 ppm (40 µg/m3) 

Ozone (O3) 8-hour (2) 0.075 ppm (147 µg/m3) Same as Primary 

Nitrogen Dioxide 
(NO2) 

Annual  
(Arithmetic Average) 53 ppb (3) (100 µg/m3) Same as Primary 

1-hour (4) 100 ppb (188 µg/m3) None 

Respirable Particulate 
Matter (PM10) 

24-hour (5) 150 µg/m3 Same as Primary 

Fine Particulate 
Matter (PM2.5) 

Annual (6)  
(Arithmetic Average) 

12.0 µg/m3 Annual (6) 15.0 µg/m3 

24-hour (7) 35 µg/m3 Same as Primary 

Sulfur Dioxide (SO2) 

Annual 
(Arithmetic Average) 

0.03 ppm  
3-hour (1) 0.5 ppm  

24-hour (1) 0.14 ppm 

1-hour 75 ppb (8) None 

Lead (Pb) 

Rolling 3-Month 
Average 0.15 µg/m3  Same as Primary 

Calendar Quarter 
Average 1.5 µg/m3  Same as Primary 

1. Not to be exceeded more than once per year. 
2. To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average ozone concentra-

tions measured at each monitor within an area over each year must not exceed 0.075 ppm (effective 5/27/2008). 
3. The official level of the annual NO2 standard is 0.053 ppm, equal to 53 ppb, which is shown here for the purpose of 

clearer comparison to the 1-hour standard 

4. To attain this standard, the 3-year average of the 98th percentile of the daily maximum 1-hour average at each 
monitor within an area must not exceed 100 ppb (effective January 22, 2010). 

5. Not to be exceeded more than once per year on average over 3 years. 
6. The form of the annual primary and secondary standards is the annual mean, averaged over 3 years. 

7. To attain this standard, the 3-year average of the 98th percentile of 24-hour concentrations at each population-
oriented monitor within an area must not exceed 35 µg/m3. 

8. Final rule signed 6/2/2010 and became effective on 8/23/2010. To attain this standard, the 3-year average of the 
99th percentile of the daily maximum 1-hour average at each monitor within an area must not exceed 75 ppb. 
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3.3 Major New Source Review Applicability 
The major New Source Review (NSR) permitting program generally requires a stationary source to 
obtain a permit and undertake other obligations prior to construction of any project at an industrial 
facility if the proposed project would result in air emissions above certain annual tonnage threshold 
levels.  The NSR program is comprised of two elements:  non-attainment NSR (NNSR) and PSD.  
The NNSR program may apply to new construction or modifications that result in emission increases 
of a particular pollutant for which the area is classified as non-attainment.  The PSD program applies 
to significant increases of those pollutants for which the area is classified as attainment or 
unclassifiable.  The PSD program only regulates emissions from major stationary sources of regulated 
air pollutants.   

Because the FCPP is located in an attainment area, the project must be evaluated to determine 
whether it involves a major modification that will result in a significant net emissions increase and be 
subject to PSD permitting requirements.  A major modification is defined as a physical change or 
change in the method of operation at a major source that results in both a significant emissions 
increase and a significant net emissions increase of a NSR-regulated pollutant.  The PSD significant 
emission thresholds are identified in Table 3-2. 

The PSD applicability analysis for the Four Corners SCR Retrofit Project is summarized in Table 3-3.  
Project emission increases will be significant for PM10, PM2.5 and H2SO4.  Therefore, a netting analysis 
that accounts for contemporaneous emission increases and decreases is required for emissions of 
these pollutants.  In accordance with PSD rules, the contemporaneous period begins 5 years prior to 
the start of construction and ends when the project begins operating.  Based on the planned SCR 
construction start date, which is mid-2015 or early 2016, the contemporaneous period begins in mid-
2010.  The end of the contemporaneous period is July 2018 when the SCR will be placed in operation.   

The only creditable emission change in this time period is a new auxiliary boiler.  APS is not planning 
to take credit for the large emission decrease resulting from the shutdown of Units 1, 2, and 3 for 
purposes of PSD applicability.  After netting, Project emission increases will be significant for PM10, 
PM2.5 and H2SO4 mist.  Additional details on emissions are presented in Section 5 and Appendix B. 
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Table 3-2 PSD Significant Emissions Thresholds 

Pollutant Emissions Threshold  
(tpy) 

Nitrogen Oxides (NOx) 40 

Sulfur Oxides (SOx) 40 

Particulate Matter (PM) Filterable 25 

PM10  15 

PM2.5  10 

Volatile Organic Compounds (VOCs) 40 

CO 100 

H2SO4 7 

Fluorides 3 

Total Reduced Sulfur 10 

Lead (Pb) 0.60 

Greenhouse Gases as Carbon Dioxide equivalents (CO2e) 75,000 

Source: 40 CFR § 52.21. 
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Table 3-3 Four Corners Unit 4 and Unit 5 SCR Retrofit Project PSD Applicability  

Emission Source  
Description 

NOx 
(tpy) 

SOx 
(tpy) 

PM 
(tpy) 

PM10 
(tpy) 

PM2.5 
(tpy) 

CO 
(tpy) 

VOC 
(tpy) 

H2SO4 
(tpy) 

Lead 
(tpy) 

GHG CO2e 
(tpy) 

Unit 4 and 5 Baseline Emissions 24,029 8,373 644.2 801.3 550.0 1,444 5.787 14.1 0.115 10,058,133 

Unit 4 and 5 Projected Future 
Emissions (a) 

4,783 8,403 646.5 1,134.4 842.5 1,449 5.808 250.6 0.115 10,094,124 

Unit 4 and Unit 5 Emission Change -19,247 30.0 2.3 333.1 292.4 5.2 0.021 236.5 4.11E-04 35,992 

New DSI Sorbent Truck Traffic  0.0 0.0 0.0952 0.0190 0.0047 0.0 0.0 0.0 0.0 0.0 

SCR Reagent Truck Traffic  0.0 0.0 0.0871 0.0174 0.0043 0.0 0.0 0.0 0.0 0.0 

New DSI Sorbent Material Handling  0.0 0.0 0.0857 0.0857 0.0857 0.0 0.0 0.0 0.0 0.0 

New SCR Reagent Material Handling  0.0 0.0 0.2143 0.2143 0.2143 0.0 0.0 0.0 0.0 0.0 

Total Project Emission Change -19,247 30.0 2.79 333.5 292.8 5.2 0.021 236.5 4.11E-04 35,992 

Major Source Threshold  100 100 100 100 100 100 100 100 100 100,000 

PSD Threshold for Significant Net 
Emission Rate 

40 40 25 15 10 100 40 7 0.6 75,000 

PSD Netting Required No No No Yes Yes No No Yes No No 

Contemporaneous Projects  - 
Auxiliary Boiler 

NA NA NA 4.3 4.3 NA NA 0.0 NA NA 

Total PSD Emission Change -19,247 30.0 2.79 337.8 297.1 5.2 0.021 236.5 4.11E-04 35,992 

PSD Applicable No No No Yes Yes No No Yes No No 

(a) 40 CFR 52.21(b)(41)(ii)  In determining projected actual emissions under paragraph (b)(41) the operator shall exclude, in calculating any increase in emissions that results from the particular project, that 
portion of the unit's emissions following the project that an existing unit could have accommodated during the consecutive 24-month period used to establish the baseline actual emissions under paragraph (b)(48) 
of this section and that are also unrelated to the particular project, including any increased utilization due to product demand growth.  See details in Table A-3. 
NA = Not Applicable 
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3.4 PSD Requirements 
The following sections provide a summary of the application requirements for projects subject to PSD. 

3.4.1 Best Available Control Technology Requirements 
The requirements for Best Available Control Technology (BACT) were promulgated within the 
framework of PSD in the 1977 CAA Amendments.  Guidelines for the evaluation of BACT can be 
found in EPA's Air Pollution Control Cost Manual (2002) and in the New Source Review Workshop 
Manual (1990).  These guidelines were drafted by EPA as a framework or tool for the BACT process.  
More recently, EPA has published guidance on BACT for greenhouse gas emissions 
(http://www.epa.gov/nsr/ghgpermitting.html).    

The regulatory definition of BACT for affected sources is: 

[A]n emissions limitation (including a visible emission standard) based on the maximum 
degree of reduction for each pollutant subject to regulation under 42 U.S.C 7401 
to7671q (Clean Air Act), which would be emitted from a proposed major stationary 
source or major modification which the Administrator, on a case-by-case basis, taking 
into account energy, environmental, and economic impacts and other costs, 
determines is achievable for that source or modification through application of 
production processes or available methods, systems, and techniques, including fuel 
cleaning or treatment or innovative fuel combustion techniques for control of such 
pollutant. …  If the Administrator determines that technological or economic limitations 
on the application of measurement methodology to a particular emissions unit would 
make the imposition of an emissions standard infeasible, a design, equipment, work 
practice, or operational standard, or combination of design, equipment, work practice, 
or operational standard, may be prescribed instead to satisfy the requirement for the 
application of best available control technology.  [40 CFR §52.21(b)(12)] 

Although BACT is typically an emission limit, BACT can also be a work practice standard in certain 
circumstances, typically if an emission limit is not feasible.  One example is the specification of a 
particular control device in lieu of an emission limit.  BACT limits are determined by the “permitting 
authority” (in this instance EPA Region 9) based on a case-by-case analysis that takes into account 
site-specific characteristics, including energy, environmental, and economic costs.  BACT does not 
require a redefinition of the proposed source or the use of unproven technology.  BACT is not 
necessarily the lowest emission level ever seen, but the lowest level achievable by the applicant for 
the particular proposed source at issue under worst-case foreseeable conditions. 

A BACT limit must be achievable, which means in the context of a BACT assessment, an emission 
limit that the source can meet on a continual basis over each averaging period for the lifetime of the 
facility.  BACT limits should be set at levels the source can meet under all reasonable foreseeable 
worst-case conditions.  A permitting authority determines what is achievable for a source, exercising 
its technical judgment on a case-by-case basis.   

In addition to being achievable, a control technology must be available to be considered in a BACT 
determination.  To be available, a control technology must be demonstrated in practice. This means 
that the technology has progressed beyond the conceptual stage and beyond the research and 

http://www.epa.gov/nsr/ghgpermitting.html�
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development or pilot testing phase.  The technology must have been demonstrated successfully on 
full-scale operations for a sufficient time to be considered proven.  BACT does not require an applicant 
to employ technologies that are not proven to work; theoretical, experimental, or developing 
technologies are not considered available under BACT.  Technologies with questionable or dubious 
reliability are likewise not considered available under BACT, and the applicant is not required to use or 
consider them.  Moreover, vendor sales literature about what a technology might be able to achieve in 
some limited situation is not relevant to a BACT determination. 

Finally, BACT is determined on a pollutant-by-pollutant basis.  When establishing BACT for individual 
pollutants, however, a permitting authority must also consider possible interactions among the 
pollutants as well as other collateral environmental impacts of particular technologies, such as water 
usage or the creation of a waste stream.  A BACT analysis for the Project is presented in Section 4. 

3.4.2 Air Quality Impact Analysis 
In accordance with requirements of 40 CFR 52.21(m)(1)(b), an application must contain an analysis of 
existing ambient air quality data in the area to be affected by the proposed project if the project would 
result in a net significant emissions increase.  The analysis of existing air quality can use air monitoring 
data from either a state-operated or private network, or by a pre-construction monitoring program that 
is specifically designed to collect data in the vicinity of the proposed source.  The requirement for on-
site air quality monitoring is based on the impact levels provided in 40 CFR 52.21(i)(5). 

Ambient air monitoring for a period of up to one year may be required to satisfy this requirement.  
However, in its March 4, 2013 draft guidance (available at 
http://www.epa.gov/ttn/scram/guidance/guide/Draft_Guidance_for_PM25_Permit_Modeling.pdf), EPA 
has indicated that existing representative monitoring data (i.e., for PM10 and PM 2.5) can be used for 
this purpose. In this case, such representative data do exist, as noted in Section 6.2.5.   

3.4.3 Source Impact Analysis 
A source impact analysis must be performed for a proposed project subject to PSD review for each 
pollutant for which the increase in emissions exceeds the significant emission rate to demonstrate that 
the project will not cause or contribute to a violation of NAAQS or PSD increment.  PSD Increments 
are established for PM10, PM2.5, SO2, and NO2 for two types of areas, Class I and Class II.  Class I 
areas are those in which the least amount of incremental adverse impact can occur. Class I areas are 
federally mandated and include specific National Parks, National Forests and Wilderness Areas.  
Class II areas are all other areas not designated as Class I areas.  The PSD increments are shown in 
Table 3-4.   

The PSD regulations specifically provide for the use of atmospheric dispersion modeling in performing 
impact analyses, estimating baseline and future air quality levels, and determining compliance with 
NAAQS and allowable PSD increments.  Designated EPA models, identified in 40 CFR 51, Appendix 
W, must normally be used in performing air quality analyses.  Guidance for the use and application of 
dispersion models is presented in the EPA Guideline on Air Quality Models (EPA 2005a).   

These guidelines allow for a stepped approach, where progressively more comprehensive modeling is 
required depending on the source impacts.  The source impact analysis for criteria pollutants may be 
limited to only the new or modified sources if a net increase in impact due to the new or modified  

http://www.epa.gov/ttn/scram/guidance/guide/Draft_Guidance_for_PM25_Permit_Modeling.pdf�
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source is below the significant impact levels (SILs), which are also presented in Table 3-4.  If impacts 
are greater than the SILs, a cumulative incremental analysis of all PSD consuming sources is 
required.  The cumulative incremental air quality impacts to baseline air quality from all PSD sources 
significantly impacting an area are limited to the PSD increments listed in Table 3-4.  In the case of 
PM2.5, with a major source baseline date of October 20, 2010, the proposed project emissions are the 
only PSD increment consuming sources in the general area, as indicated by the National Park Service 
(Notar 2013).  Furthermore, in no case can the incremental impacts from a project cause a violation of 
the NAAQS.   

Table 3-4 Allowable PSD Increments and Significant Impact Levels (µg/m3) 

Pollutant Averaging Time 
PSD Incrementsa Significant Impact 

Levelsa 

Class I Class II Class Ib Class II  

PM10 
Annual Arithmetic Mean 4 17 0.2 1 

24-hour Maximum 8 30 0.3 5 

PM2.5 
Annual Arithmetic Mean 1 4 0.06 0.3 

24-hour Maximum 2 9 0.07 1.2 

SO2 

Annual Arithmetic Mean 2 20 0.08 1 

24-hour Maximum 5 91 0.2 5 

3-hour Maximum 25 512 1 25 

1-hour Maximum NA NA NA 7.8c 

CO 
8-hour Maximum NA NA NA 500 

1-hour Maximum NA NA NA 2,000 

NO2 Annual Arithmetic Mean 2.5 25 0.1 1 

1-hour Maximum NA NA NA 7.5c 

NA  =  Not applicable, i.e., no increment or SIL exists for this pollutant or averaging period 
a. Short-term increments use the second-highest modeled concentration at any receptor and the Significant 

Impact Levels use the highest modeled concentration at any receptor. 
b. Class I SILs for PM2.5 come from the October 20, 2010 Federal Register Final Rule (40 CFR part 

51.166). Class I SILs for all other pollutants come from EPA’s proposed values from the July 23, 1996 
Federal Register (these values have not yet been promulgated, but they are still routinely used). 

c. 1-hour SILs for SO2 and NO2 are interim values specified by EPA (EPA 2010a and 2010b). 
Sources:   40CFR50; 40CFR52.21, 40CFR51.165 

This Project does not trigger an increment analysis for SO2 and NO2 since these pollutants are below 
the PSD applicability thresholds.  As shown in Sections 6.2.5 and 6.3.4, the Project did not trigger a 
Class II increment analysis for PM10 or PM2.5, or a Class I increment analysis for PM10, as the modeled 
concentrations are below the applicable SILs.  Although the 24-hour PSD Class I PM2.5 SIL is 
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exceeded in Mesa Verde National Park, there are no other PSD cumulative increment consuming 
sources since the PM2.5 baseline date, and the PSD Class I 24-hour PM2.5 increment is also not 
exceeded based on the impact analysis performed for this Project.   

3.4.4 Additional Impact Analyses 
The additional impact analyses consist of three elements: 

1. Growth 

2. Soils and Vegetation Impacts 

3. Visibility Impairment 

The growth analysis projects air pollutant emissions associated with industrial, commercial, and 
residential growth in direct support of the new source.  Residential growth includes housing for 
employees entering the region while industrial and commercial growth includes new sources providing 
goods and services to the new employees and to the proposed source. 

The analysis of impacts on soils and vegetation in the source’s impact area compares the total air 
quality impacts to concentrations known to cause harmful effects to the resident plant and animal 
species.   

The visibility impairment analysis addresses impacts that occur within the impact area of the proposed 
new source, beginning with an initial screening for possible impairment and, if warranted, a more in-
depth analysis with computer modeling.  The local visibility impairment analysis is distinct from the 
visibility impairment analysis required for PSD Class I areas, discussed below.  The results of these 
analyses are presented in Section 6.4, Appendix D, and Appendix E. 

3.4.5 PSD Class I Area Analysis 
In addition to the analysis of PSD Class I Increment compliance, the PSD Class I analysis must also 
address impacts to special attributes of a Class I area that deterioration of air quality may adversely 
affect.  Such attributes are referred to as Air Quality Related Values and are specified by the Federal 
Land Manager (FLM) of the respective Class I area.  These analyses generally include visibility 
impacts, such as plume blight or contribution to regional haze, and impacts from acid deposition.  

As described in Section 6.3.4, these analyses were not required for this Project because the 
emissions were low and the distance to the nearest Class I area is more than 50 kilometers (km), and 
the Project met the FLM criteria to screen out (FLAG 2010).  Specifically, the FLAG 2010 guidance 
states (pages 18-19),  

“Therefore, the Agencies will consider a source locating greater than 50 km from a Class I area to 
have negligible impacts with respect to Class I AQRVs if its total SO2, NOx , PM10, and H2SO4 annual 
emissions (in tons per year, based on 24-hour maximum allowable emissions), divided by the distance 
(in km) from the Class I area (Q/D) is 10 or less. The Agencies would not request any further Class I 
AQRV impact analyses from such sources.”  In this case, Q/D is less than 6, so this proposed Project 
screens out of visibility and acidic deposition analyses. 
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In addition, the National Park Service (Notar 2013) has asked in this case for a demonstration that the 
cumulative effects of retirement of precursor emissions (of SO2 and NOx) in addition to the increases 
of direct PM2.5 emissions will result in a net benefit to PM2.5 concentrations at PSD Class I areas.  This 
National Park Service request has been addressed in Section 6.3.5. 

3.5 Tribal New Source Review 
EPA approved the Tribal Minor NSR Program on August 31, 2011.  This program established a 
preconstruction permitting program for minor modifications at existing major sources, and establishes 
a minor source permitting mechanism for major sources seeking a synthetic minor permit.  The Tribal 
Minor NSR Program is triggered if the potential to emit (PTE) due to a modification is less than the 
major NSR thresholds, but above the minor NSR thresholds.  If the increase in regulated emissions 
exceeds the minor NSR significance thresholds, the program identifies the requirements for air 
permitting, including a regulatory analysis, air quality impact analysis, and control equipment review.   

With respect to air quality, new and existing industrial sources are classified as either major or minor 
sources based on their potential to emit air contaminants.  The FCPP is considered to be an existing 
major stationary source as its potential emissions exceed 100 tons per year for several regulated air 
pollutants.   

As discussed above (see Table 3-3), this Project triggers major NSR/PSD requirements for PM10, 
PM2.5, and H2SO4 mist.  There will be a huge (>19,000 tpy) reduction of NOx emissions related to this 
Project, and hence NOx emissions are not subject to this permitting.  However, net emission changes 
of other pollutant emissions which are below the major modification significant emissions levels are 
compared in Table 3-5 below to the Tribal Minor NSR thresholds to determine if any permit 
modification is needed from the Navajo Nation EPA as a result of this Project.  As shown in this table, 
the remaining pollutants are below the applicable thresholds and hence Tribal Minor NSR does not 
apply to this Project.   

Table 3-5 Comparison of Project Emissions to Tribal Minor NSR Thresholds 

 Emissionsa (tpy) 

 CO SO2 VOC 

FCPP SCR Retrofit Project 4.4 30.0 0.20 

Tribal Minor NSR Thresholds 10 10 5 

Contemporaneous Projects NA -3,110 NA 

Exceeds Threshold No No No 

a. See details in Appendix A, Table A-7. 
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3.6 Greenhouse Gas (GHG) Tailoring Rule 
On May 13, 2010 EPA issued the greenhouse gas (GHG) permitting rule officially known as 
“Prevention of Significant Deterioration and Title V Greenhouse Gas Tailoring Rule” (or in short form, 
GHG Tailoring Rule) to regulate the six GHG pollutants codified at 40 CFR Parts 51, 52, 70 and 71.  
Beginning January 2, 2011, GHGs are regulated New Source Review (NSR) pollutants under the PSD 
major source permitting program when they are emitted by new sources or modifications.  Beginning 
July 1, 2011, any source which has a potential to emit GHG in amount greater than 100,000 tpy of 
carbon dioxide equivalent (CO2e) will be considered a major source and any modification in amounts 
greater than 75,000 tpy of CO2e is required to undergo PSD permitting.   

For a facility subject to the GHG Tailoring Rule, the six covered GHG pollutants are: 

• Carbon dioxide (CO2), 

• Nitrous oxide (N2O), 

• Methane (CH4), 

• Hydrofluorocarbons (HFCs), 

• Perfluorocarbons (PFCs), and 

• Sulfur hexafluoride (SF6). 

Only the first three of these six pollutants are combustion source related and will be emitted by the 
boilers at FCPP.  The primary GHG of concern for this project is CO2, as the emission rates of CH4 
and N2O are many orders of magnitude less than CO2.   

As shown in Table 3-3, FCPP is a major source of GHGs.  However, the increase in GHGs associated 
with this Project is estimated to be 35,992 tpy of CO2e, which would not be considered a major 
modification because the emission increase is less than 75,000 tpy.  Therefore, this Project is not 
subject to PSD permitting for GHG emissions.  The increase in CO2e emissions is attributable to 
occasional/periodic increased fuel use due to the SCR power requirement and economizer bypass. 

3.7 Title V – Major Source Operating Permit 
40 CFR 70 establishes the federal Title V operating permit program.  The Navajo Nation has 
incorporated the provisions of the federal program into the Navajo Nation Regulations at 4 NNR 11-2H.  
The major source thresholds with respect to the Navajo Nation Title V operating permit program for 
sources in attainment areas are the respective thresholds of each PSD regulated pollutant, 10 tpy of a 
single hazardous air pollutant (HAP), or 25 tpy of any combination of HAP.   

The FCPP has a Title V operating permit (No. NN-ROP-05-07).  APS is renewing the Title V permit to 
reflect current operations and regulatory requirements.  After the PSD permit is issued for the SCR 
Retrofit Project, APS will amend the FCPP’s Title V operating permit within the required timeframes. 
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3.8 Compliance Assurance Monitoring 
On October 27, 1997, EPA promulgated the Compliance Assurance Monitoring (CAM) Rule, 40 CFR 
Part 64, which addresses monitoring for certain emission units at major sources, thereby assuring that 
facility owners and operators conduct effective monitoring of their air pollution control equipment.  In 
order to be subject to CAM, the following criteria must be met: 

• The unit is subject to an emissions limitation or standard for the pollutant of concern; 

• An “active” control device is used to achieve compliance with the emission limit; and 

• The emission unit’s pre-control potential-to-emit (PTE) is greater than the applicable major 
source threshold. 

The CAM rule does not apply to emissions units/pollutants that are subject to Sections 111 (NSPS) or 
112 (NESHAP) of the CAA issued after November 15, 1990; the Acid Rain program or emissions 
trading programs.  However, the increased PM10, PM2.5, and H2SO4 mist will be subject to an emission 
standard, controlled with an active control device, and pre-control PTE will be greater than the 
applicable major source threshold.  The existing CAM plans for PM10/PM2.5 and a new CAM plan for 
H2SO4 mist will satisfy the CAM rule requirements.  The proposed CAM plan for H2SO4 mist is 
included in Appendix F. 

3.9 Regional Haze Rule and Guidelines for Best Available Retrofit 
Technology Determinations 

On July 6, 2005, the EPA finalized amendments to the July 1999 Regional Haze Rule. These 
amendments apply to the provisions of the Regional Haze Rule that require emission controls known 
as best available retrofit technology, or BART, for industrial facilities emitting air pollutants that reduce 
visibility by causing or contributing to regional haze (EPA 2005b).  

The pollutants that reduce visibility include PM2.5, and compounds which contribute to PM2.5 formation, 
such as NOx, SOx, and under certain conditions, VOCs, and ammonia. 

The BART requirements of the Regional Haze Rule apply to facilities built between 1962 and 1977 
that have the potential to emit more than 250 tpy of visibility-impairing pollution. Those facilities fall into 
26 categories, including utility and industrial boilers, and large industrial plants such as pulp mills, 
refineries and smelters. Many of these facilities previously have not been previously been subject to 
federal pollution control requirements for these pollutants. 

Under the 1999 Regional Haze Rule, states are required to set periodic goals for improving visibility in 
the 156 natural areas.  As states work to reach these goals, they must develop regional haze 
implementation plans that contain enforceable measures and strategies for reducing visibility-
impairing pollution. The amendments include guidelines, known as BART guidelines, for states to use 
in determining which facilities must install controls and the type of controls the facilities must use (EPA 
2005b).  

States must consider a number of factors when determining what facilities will be covered by BART 
including: 
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• the cost of the controls; 
• the impact of controls on energy usage or any non-air quality environmental impacts; 
• the remaining useful life of the equipment to be controlled; 
• any existing pollution controls already in place; and 
• visibility improvement that would result from controlling the emissions. 

As discussed in Section 1, EPA promulgated a source-specific FIP requiring the FCPP to achieve 
emissions reductions required by the CAA’s BART provisions.  EPA requires FCPP to reduce 
emissions of NOx and set emission limits for PM.  For NOX emissions, EPA is requiring FCPP to meet 
a plant-wide emission limit of 0.11 lb/MMBtu on a rolling 30-day heat input-weighted average. This 
limit represents an 80 percent reduction from the current NOX emission rate. EPA also finalized an 
alternative emission control strategy that gives the owners of FCPP the option to close Units 1-3 and 
install controls on Units 4 and 5 to each meet an emission limit of 0.098 lb/MMBtu, based on a rolling 
average of 30 successive boiler operating days.  For PM, EPA is requiring Units 4 and 5 at FCPP to 
meet an emission limit of 0.015 lb/MMBtu, and retained the existing 20 percent opacity limit. EPA is 
also requiring FCPP to comply with a 20 percent opacity limit on its coal and material handling 
operations.   

In order to comply with EPA’s BART determination, APS has shut down Units 1-3 and will install SCR 
on Units 4 and 5. 

3.10 Other Applicable or Potentially Applicable Regulations 
3.10.1 Good Engineering Practice Stack Height Analysis 
The 1977 CAA Amendments require that the degree of emission limitation required for control of any 
pollutant not be affected by a stack which exceeds the good engineering practice (GEP) height.  
Further, no dispersion credit is given during air quality modeling for stacks which exceed GEP.   

GEP stack height is defined as the highest of: 

• 65 meters; or 

• a height established by applying the formula: 

HGEP = H + 1.5 L 

Where; HGEP = GEP Stack Height, 

  H = Height of the structure or nearby structure, and 

  L = Lesser dimension (height or projected width) of the nearby structure; or 

• a height demonstrated by fluid modeling or field study. 

A structure or terrain feature is considered nearby if a stack is within a distance of five times the 
structure's height or maximum projected width.  Only the smaller value of the height or projected width 
is used and the distance to the structure cannot be greater than 0.8 kilometers.  Although GEP stack 
height regulations require that the stack height used in modeling for determining compliance with 
NAAQS and PSD increments not exceed GEP stack height, the actual stack height may be greater. 
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The stack height regulations also increase GEP stack height beyond that resulting from the formula in 
cases where plume impaction occurs.  Plume impaction is defined as concentrations measured or 
modeled to occur when the plume interacts with elevated terrain.  Elevated terrain is defined as terrain 
which exceeds the height calculated by the GEP stack height formula.  Because terrain in the vicinity 
of the project site is generally flat, plume impaction was not considered in determining the GEP stack 
height. 

The results of the GEP analysis for this Project are presented in Section 6.2.2.  The modeling analysis 
described in Section 6.2.2 accounts for building effects associated with stacks with heights less than 
the Good Engineering Stack height. 

3.10.2 New Source Performance Standards – 40 CFR 60  

The potential applicability of New Source Performance Standards (NSPS) is presented in the following 
subsections. Note, although there is some applicability of these standards to the FCPP (e.g., 
associated with the recently permitted auxiliary boiler), the proposed Project does not trigger any new 
or change any current NSPS requirements for this facility.   

3.10.2.1  NSPS Subpart A – General Provisions 

Certain provisions of 40 CFR Part 60 Subpart A apply to the owner or operator of any stationary 
source subject to a NSPS.  The proposed modifications to Units 4 and 5 increase maximum hourly 
emissions of PM10, PM2.5, and H2SO4, but do not affect NSPS applicability because these pollutants 
are not regulated by the potentially applicable NSPS.  Therefore, no provisions of Subpart A apply to 
this Project.  

3.10.2.2  NSPS Subparts D, Da or Db – Standards of Performance for Electric Utility Steam 
Generating Units 

NSPS Subparts D, Da, or Db apply to new or modified Electric Utility Steam Generating Units (e.g., 
boilers) depending on the installation or modification date, relative cost of the modification, size of the 
unit, and fuels burned.  The SCR installation at FCPP does not qualify as a modification under any of 
these provisions, and hence FCPP is not subject to these Subparts for this Project. .  

3.10.2.3  NSPS Subpart OOO – Standards of Performance for Nonmetallic Mineral Processing 
Plants 

Subpart OOO applies to certain activities at nonmetallic mineral processing plants.  The sorbent for 
the dry sorbent injection system that will be used to control H2SO4 mist will be lime.  Lime is not 
classified as a nonmetallic mineral per the definitions in Subpart OOO.  Therefore, the requirements of 
Subpart OOO will not apply to the FCPP SCR Retrofit Project. 

3.10.3 National Emissions Standards for Hazardous Air Pollutants – 40 CFR 63 
National Emissions Standards for Hazardous Air Pollutants (NESHAP) are reflected in a requirement 
for Maximum Achievable Control Technology (MACT) standards, determined by EPA through an 
analysis of the best controlled sources in a category and the cost of more stringent available controls.  
A source emitting more than 10 tpy of a single HAP or 25 tpy of a combination of HAPs is defined as a 
major source.  Smaller sources are classified as area sources and must secure MACT approval prior 
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to construction.  If a MACT standard has not yet been promulgated for the source category, the 
applicant must secure case-by-case MACT approval (Subpart B). 

3.10.3.1  NESHAP Subpart A, General Provisions 

All affected sources are subject to the general provisions of Part 63 NESHAP Subpart A unless 
specifically excluded by the source-specific NESHAP.  Similar to the NSPS, Subpart A of Part 63 
requires initial notification and performance testing, recordkeeping, monitoring, provides reference 
methods, and mandates general control device requirements for all other subparts as applicable.  
APS will comply with the Subpart A provisions as needed to comply with Subpart UUUUU as 
discussed below.  

3.10.3.2  NESHAP Subpart UUUUU, Electric Utility Steam Generating Units 

A MACT standard (Subpart UUUUU) for the oil- and coal-fired electric utility steam generating unit 
source category was finalized by EPA on February 2012.  Units 4 and 5 are subject to Subpart 
UUUUU.  The regulatory requirements include emission limits for mercury, particulate matter (as a 
surrogate for non-mercury metals), and hydrogen chloride (HCl).  In addition, the rule includes work 
practice standards to limit the emissions of organic air toxics, including dioxins and furans.  
Compliance with Subpart UUUUU is required by April 2015.  However, EPA may grant a one year 
extension on a case-by-case basis if more time is needed to install controls.  APS will comply with 
Subpart UUUUU.  

3.10.3.3  NESHAP Subpart B, 112(g) Case-by-Case MACT 

Section 112(g) of the 1990 Clean Air Act Amendments (codified at 40 CFR 63 Subpart B, 
Requirements for Control Technology Determinations for Major Sources in Accordance with Clean Air 
Act Sections), is known as the case-by-case MACT.  Case-by-case MACT is not applicable to Units 4 
and 5  because EPA has promulgated an applicable MACT standard for this source category. 

3.10.4 Clean Air Interstate Rule (CAIR) / Cross-State Air Pollution Rule (CSAPR) 
In May 2005, EPA promulgated CAIR to reduce the impact of upwind sources on out-of-state 
downwind PM2.5, and ozone in non-attainment areas.  CAIR required upwind states to revise their 
state rules to include measures to reduce NOx and SO2 emissions.  CAIR was designed to rectify 
ozone and PM2.5 non-attainment and thus regulate SO2 and NOx via annual emission caps for each 
pollutant and NOx via an ozone season emissions cap.  A court invalidated CAIR on July 11, 2008, 
but left it in effect until EPA could issue a substitute rule.  EPA subsequently promulgated CSAPR, 
which was vacated by a court.  In its opinion, the court directed EPA to continue to enforce CAIR until 
the agency could finalize a replacement rule.  Importantly, these interstate transport rules only apply to 
specific states generally located in the eastern U.S.  Accordingly, the Four Corners Power Plant would 
not be subject to either CSAPR’s or CAIR’s requirements. 

3.10.5 Acid Rain Provisions 
Units 4 and 5 are subject to the Acid Rain Program pursuant to Title IV of the CAA Amendments of 
1990.  Both units are in compliance with the Acid rain rules and will continue to be in compliance after 
the Project is installed. 
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3.10.6 Risk Management Program 
The project may utilize anhydrous ammonia or aqueous ammonia with greater than 19% ammonia in 
the selective catalytic reduction system.  If anhydrous ammonia or aqueous ammonia with greater 
than 19% ammonia is used to control NOx emissions from Units 4 and 5, the storage amount of 
anhydrous or aqueous ammonia will require a Risk Management Plan (RMP) in accordance with EPA 
rules.  Three elements comprise the RMP: 

• Hazard Assessment; 

• Prevention Program; and 

• Emergency Response Program.  

An approved RMP must be in place prior to exceeding the threshold storage amount of anhydrous 
ammonia or aqueous ammonia with greater than 19% ammonia (10,000 lb) at the FCPP. 
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4.0   Control Technology Review 

4.1 Technical Approach 
APS is proposing to install SCR controls on Units 4 and 5 to reduce NOx emissions by approximately 
18,600 tpy.  The addition of SCR systems at FCPP will result in a significant emission increase of 
H2SO4 mist, which will contribute to significant emission increases of PM10 and PM2.5.  Emission 
increases for all other pollutants will be less than the PSD significant emission rates. 

The FCPP is located in an area that is either attainment or unclassified for all pollutants.  Because the 
Project will result in significant emission increases of H2SO4 mist, PM10, and PM2.5, the project will be 
subject to PSD for these pollutants, and a Best Available Control Technology (BACT) analysis is 
required for these pollutants.  

The Project will include the following modified or new stationary sources, each of which was evaluated 
for BACT for H2SO4 mist, PM10, and PM2.5,  

• Units 4 and 5 consisting of two 7,411 MMBtu/hr1

• A new silo for the storage of a calcium based sorbent (lime) that will be used in a DSI system 
for the control of H2SO4 mist and condensable PM10 and PM2.5 emissions;  

 pulverized coal fired boilers with emissions 
controlled by SCR, dry sorbent injection (DSI) system, baghouses and lime-based wet 
scrubbers; 

• A new silo for the storage of urea that will be used in the SCR system (unless aqueous or 
anhydrous ammonia is selected for this project instead of urea); and 

• Increased truck traffic associated with delivery of reagents for the DSI system and the SCR 
system. 

4.1.1 Best Available Control Technology Definition 
The Federal regulations require that applicants for a PSD pre-construction permit conduct a BACT 
analysis for all regulated pollutants emitted in significant quantities from major stationary sources to 
demonstrate compliance with the control technology requirements of the PSD regulations in 40 CFR 
Part 52 Section 21.   

According to 40 CFR §52.21(b)(12), BACT is defined as:  

“Best available control technology means an emissions limitation (including a visible emission 
standard) based on the maximum degree of reduction for each pollutant subject to regulation 
under the Act which would be emitted from any proposed major stationary source or major 

                                                      

1  This heat input rate was used by EPA in its final BART rule, and represents a ranking higher than 99% over the 
hours in the baseline period.  In the future, the maximum 24-hour total heat input for Units 4 and 5 is not 
expected to exceed 14,822 MMBtu/hr. 
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modification which the Administrator, on a case-by-case basis, taking into account energy, 
environmental, and economic impacts and other costs, determines is achievable for such source 
or modification through application of production processes or available methods, systems, and 
techniques, including fuel cleaning or treatment or innovative fuel combustion techniques for 
control of such pollutant.  In no event shall application of best available control technology result 
in emissions of any pollutant which would exceed the emissions allowed by any applicable 
standard under 40 CFR parts 60 and 61.  If the Administrator determines that technological or 
economic limitations on the application of measurement methodology to a particular emissions 
unit would make the imposition of an emissions standard infeasible, a design, equipment, work 
practice, operational standard, or combination thereof, may be prescribed instead to satisfy the 
requirement for the application of best available control technology.  Such standard shall, to the 
degree possible, set forth the emissions reduction achievable by implementation of such design, 
equipment, work practice or operation, and shall provide for compliance by means which achieve 
equivalent results.” 

EPA recommends a “top down” approach to the BACT analysis.  The process begins with the 
identification of the alternative control technologies available for the source category based upon a 
review of: (1) those technologies required by previous BACT determinations made by the EPA or the 
various state agencies; and (2) those technologies applied in practice to the same category or a 
similar source category by means of technology transfer.  The available control technologies are then 
evaluated to determine whether they are technically feasible for the given application.  Those control 
technologies found to be technically infeasible are eliminated from further consideration, while the 
remaining control technologies are ranked by their performance levels, from the highest to the lowest 
performance level.  The technically feasible control technologies are then evaluated on the basis of 
the associated economic, energy and non-air quality environmental impacts.  If an alternative 
technology, starting with the highest performance level, is eliminated based on any of these criteria, 
the control technology with the next highest performance level is evaluated until a control technology 
qualifies as BACT.  All evaluated control technologies must at least be capable of meeting the new 
source performance standard for the pollutant in question. 

According to EPA guidance, BACT may be achieved by one or a combination of the following: (1) a 
change in the raw material processes; (2) a process modification; and/or (3) an add-on control device. 

In summary, the “top-down” BACT process consists of five steps as follows: 

STEP 1 - Identify all available control options with practical potential for application to the 
specific emission unit for the regulated pollutant under evaluation; 

STEP 2 - Eliminate technically infeasible or unavailable technology options; 

STEP 3 - Rank remaining control technologies by control effectiveness; 

STEP 4 - Evaluate most effective controls and document results; if top option is not selected 
as BACT, evaluate next most effective control option; and 

STEP 5 - Select BACT, which will be the most effective practical option not rejected based on 
energy, non-air quality environmental, and economic impacts. 

http://www.cyberregs.com/cgi-exe/cpage.dll?pg=x&rp=/pseudo.htm&sid=2013051010152371506&aph=0&cid=ensr&uid=ensr0112&clrA=0663B2&clrV=0663B2&clrX=0663B2&ref=/indx/CFR/40CFR/CFR_40_52_-_5_A.htm&pseudo=UN1%2C%2CCFR%2CCFR_40_60%2C%2C�
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The "top-down" approach was used in this analysis to evaluate available pollution controls for the 
FCPP SCR Retrofit Project. 

4.1.2 Previous BACT Determinations 
Federal and State data sources were reviewed to determine the control technologies that have been 
applied to coal-fired boilers and other relevant sources around the country.  The review focused on 
the types of air pollution control technologies used in these applications, the design and performance 
of each air pollution control technology, and the incentive for implementing the preferred control 
measures.  The review considered the following databases: 

• EPA’s RACT/BACT/LAER Clearinghouse which is a national database of recently approved 
PSD permits; and 

• Permits issued for similar projects in the Southwest; 

Each of these databases has certain limitations that hinder either identifying the control devices 
currently employed at the power plants or determining the performance levels actually achieved in 
practice by the control devices.  The information found in the EPA’s RACT/BACT/LAER 
Clearinghouse (RBLC) is provided in Appendix B.  Note that some of these projects have been 
cancelled and others are not yet operating; hence, some of the emission rates have not been 
demonstrated as achievable in practice.  The results of this review were used, in part, to identify 
available emission control technologies (STEP 1 in the BACT process), eliminate technically infeasible 
options (STEP 2), and to rank the remaining control technologies based on control effectiveness 
(STEP 3). 

4.2 Four Corners SCR Retrofit Project BACT Determinations 
4.2.1 Units 4 and 5 – Existing Pulverized Coal Fired Boilers – H2SO4 Mist Emissions 
Gaseous sulfur oxides from coal combustion are primarily sulfur dioxide (SO2), with a much lower 
quantity of sulfur trioxide (SO3) and gaseous sulfates.  These compounds form as the organic and 
pyritic sulfur in the coal are oxidized during the combustion process.  On average, about 95 percent of 
the sulfur present in coal will be emitted as gaseous sulfur oxides, whereas somewhat less will be 
emitted when subbituminous coal is fired.  The more alkaline nature of the ash in some subbituminous 
coals causes some of the sulfur to react in the furnace to form various sulfate salts that are retained in 
the boiler or in the flyash (EPA 1998).  

During the combustion process approximately 0.1% to 1% of the fuel sulfur (S) or SO2 may be 
oxidized to form SO3.  With the addition of SCR, additional SO3 will be formed because the catalyst 
will oxidize some of the SO2 to SO3.  As the flue gas is cooled, SO3 reacts with water to form H2SO4.  
At temperatures below the acid dew point, H2SO4 will condense to form liquid H2SO4 (sulfuric acid 
mist).  On Units 4 and 5, some of the H2SO4 will be removed from the flue gas by the air preheater, 
the fabric filter, and the wet scrubber. 
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4.2.1.1 STEP – 1 Available Sulfuric Acid Mist Emission Control Alternatives 

Based on a review of available information, the following control alternatives were identified as 
potentially available: 

• Fuel switching; • Semi-dry scrubbing; 

• Fuel washing; • Wet electrostatic precipitation; 

• Fuel processing; • Low and ultra-low oxidation SCR catalyst; and 

• Ammonia injection  • Dry sorbent injection. 

4.2.1.2 STEP – 2 Eliminate Technically Infeasible Options 

Fuel Switching 

In general, switching to a lower sulfur coal is a potential option to reduce sulfuric acid mist emissions 
because emissions tend to be proportional to the sulfur content of the coal.  However, the FCPP is a 
mine-mouth plant that burns low sulfur coal with a typical sulfur content of approximately 0.78% and a 
heating value of 8,776 Btu/lb.  Only Powder River Basin coal has lower sulfur content on a lb/MMBtu 
basis.  Switching to Powder River Basin coal is not technically feasible due to the lack of railroad 
access at the power plant.  There would also be considerable increased emissions of several 
pollutants associated with the transport of the coal from Wyoming to Arizona.  In addition, there would 
be concerns about the reliability of deliveries and the continued availability of low-sulfur Powder River 
Basin coal.   

The FCPP is an existing mine-mouth plant that was designed and developed to burn coal from the 
Navajo Mine located on the Navajo Nation.  The source of the coal for the FCPP is a specific reserve 
of coal from the Navajo Mine sufficient to satisfy the plant’s fuel requirements through July 2031.  
Pursuant to the FCPP co-owners’ plant lease with the Navajo Nation, the primary fuel at the plant 
shall be coal, thereby precluding natural gas as an energy source.2  And under the FCPP co-owners’ 
25-year coal supply agreement with Navajo Transitional Energy Company, LLC, a limited liability 
company formed under the laws of the Navajo Nation (“NTEC”), the exclusive source of such coal 
shall be the Navajo Mine.  The FCPP’s use of this particular coal supply from the Navajo Mine is an 
inherent aspect of the plant, and it would be inconsistent with the project’s scope to evaluate coal from 
alternative sources in the BACT analysis.3

                                                      

2 See EPA Office of Air and Radiation, PSD and Title V Permitting Guidance for Greenhouse Gases at 27 (Mar. 
2011) (“[W]hen a [PSD permit] applicant proposes to construct a coal-fired steam electric generating unit, EPA 
continues to believe that permitting authorities can show in most cases that the option of using natural gas as a 
primary fuel would fundamentally redefine a coal-fired electric generating unit.” (citing In re Old Dominion 
Electric Cooperative, 3 E.A.D. 779, 793-94 (EPA Adm’r 1992))). 

 

3 See In re Prairie State Generating Co., 13 E.A.D. 1, 28 (EAB 2006) (finding that “consideration of low-sulfur 
coal, because it necessarily involves a fuel source other than the co-located mine, would require Prairie State to 
redefine the fundamental purpose or basic design of its proposed Facility and that, therefore, low-sulfur coal 
could appropriately be rejected from further BACT analysis at step 1 of the top-down BACT review method.”). 
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Because the FCPP is an existing plant fueled from coal derived from an adjacent mine, a 
consideration of alternative coal supplies would redefine the source, and therefore, may be eliminated 
from further consideration under STEP 1 of the BACT analysis.4

Furthermore, to burn low-sulfur Powder River Basin coal, the FCPP co-owners would have to arrange 
for coal to be transported from mines over 600 hundred miles away.  As noted above, such 
transportation would result in a considerable increase in emissions of several pollutants.  Moreover, 
there are no rail lines running from these Wyoming mines across the Navajo Nation reservation to the 
FCPP.  The construction of such lines would not be economically feasible and would require the 
consent of the Navajo Nation. 

   

Transporting the coal to the FCPP by truck would be physically impossible given the excessively large 
number of trucks that would need to travel to the FCPP each day.  The FCPP burns an average of 
18,000 tons of coal per day.  Assuming conservatively that each truck can transport 50 tons of coal 
per day, approximately 360 truckloads of coal would need to be delivered to the FCPP each day.5  
That would equal one truckload every four minutes, resulting in a steady stream of trucks from the 
Powder River Basin mines to the FCPP.  Not only would this be physically impossible, the additional 
pollutants that would result from transporting the coal by truck would be detrimental to the 
environment.  Furthermore, changing the coal source from the Navajo Mine would require changes in 
the design of the FCPP’s existing facilities for receiving coal.  Such redesign of the source is not 
required under STEP 1 of the BACT analysis.6

Moreover, the use of alternative coal supplies at the FCPP would be inconsistent with the business 
objectives of the FCPP co-owners and would adversely affect the Navajo Nation given NTEC’s 
ownership of the Navajo Mine and the socioeconomic benefits expected to accrue to the Navajo 
Nation as a result of coal sales to the FCPP co-owners.  Neither wind nor solar power would provide 
these economic benefits.  Moreover, the FCPP is intended to serve as a base load plant and, 
therefore, neither wind, which is undependable and inconsistent, nor solar, which is intermittent, would 
be an acceptable substitute for reliable coal-fired generation. 

   

For all of the foregoing reasons, alternative fuels, including low-sulfur coal from the Powder River 
Basin, are excluded from BACT consideration as a control alternative at the FCPP. 

                                                      

4 Id. See also EPA Office of Air Quality Planning and Standards, New Source Review Workshop Manual at B.13 
(Oct. 1990) (Draft) [hereinafter “NSR Workshop Manual”] (“Historically, EPA has not considered the BACT 
requirement as a means to redefine the design of the source when considering available control alternatives.”); 
In re Old Dominion Electric Cooperative, 3 E.A.D. at 793 n. 38 (“Traditionally, EPA does not require a PSD 
[permit] applicant to change the fundamental scope of its project.”). 

5 The number of trucks would increase to 720 if each truck could carry only 25 tons due to the long distance (over 
600 miles) traveled; in other words, one truck from the mines to the FCPP every two minutes. 

6 See Sierra Club v. EPA, 499 F.3d 653, 655-57 (7th Cir. 2007) (finding that the “significant modifications” that 
would be required to reconfigure a mine-mouth plant to one that burned coal obtained from a distance “would 
constitute a redesign” that may be rejected under STEP 1 of the top-down BACT review process. 
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Fuel Washing 

As noted in EPA’s New Source Review Manual, a technology is not technically feasible if it is not 
commercially available.7  “In general, a commercially available control option will be presumed 
applicable if it has been or is soon to be deployed (e.g. is specified in a permit) on the same or a 
similar source type.”8

Coal washing, or beneficiation, is a pre-combustion method that has been used to reduce impurities in 
the coal, such as ash and sulfur.  In general, coal washing is accomplished by separating and 
removing inorganic impurities from organic coal particles.  While washing may be effective in 
removing rock inclusions from coal, including some sulfur-bearing pyrites, a significant amount of coal 
may also be lost in the washing process.  In addition, the removal of sulfur from coal by washing is 
limited because it only affects sulfur-bearing pyrites and does not affect organic sulfur.  Although data 
are limited, the coal used by the FCPP contains only approximately 40% or less pyritic sulfur.  
Therefore, even if coal washing were technically feasible, which it is not, the process would reduce 
fuel sulfur by less than 40% forcing its elimination as a control technology under the BACT analysis.

  Coal washing is not a commercially available technology for the coal used by 
the FCPP.  To date, coal washing to remove sulfur from western coals has not been required as 
BACT.  In addition, no coal washing plant has been built to remove sulfur from western coals.  
Therefore, coal washing is not an available technology for the FCPP and is rejected as being 
technically infeasible under STEP 2 of the BACT review. 

9

Moreover, there are significant adverse environmental, energy, and economic impacts associated with 
coal washing.  With respect to environmental impacts, an inherent consequence of coal washing (in 
addition to the use of scarce water supplies in a desert environment) is the generation of wastewater 
and solid waste streams.  In respect to energy impacts, the mine would need to process significantly 
more coal to make up for the significant amount of coal that would be lost in the washing process and 
discarded with the waste, and heat content would be lost due to the addition of water to the coal from 
the washing process.  Finally, as for economics, substantial costs would be associated with 
constructing and operating the coal washing facility.

 

10

Coal washing as a strategy to reduce SO3 emissions is not considered a technically feasible H2SO4 
mist control option and, therefore, is properly eliminated under STEP 2 of the BACT analysis. 

 

Fuel Processing 

Research on pre-combustion coal processing techniques such as Evergreen Energy’s K-Fuel® 
process has been conducted over the last 30 years.  In general, the goal is to develop a process to 
upgrade low grade subbituminous coal and lignite into low moisture products.  The K-Fuel® process 
                                                      

7 See NSR Workshop Manual at B.17-B.21. 
8 Id. at B.18. 
9 Coal washing has never been commercially applied to remove sulfur from western coal.  Therefore, the 

expected performance is not known and might be much lower than 40%, thus not resulting in materially lower 
overall H2SO4 emission reductions. 

10 See In re Prairie State Generating Co., 13 E.A.D. 1, 42 (EAB 2006) (finding that “any benefits of coal washing 
are outweighed by coal washing’s cost, energy, and environmental impacts.”). 
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uses heat and pressure to remove approximately 30% of the moisture from lower-rank subbituminous 
and lignite coals containing 20% to 30% moisture.  This moisture removal improves the heating value, 
reduces transportation costs, increases boiler efficiency and may reduce emissions on a lb per MMBtu 
basis.  To date, the production of processed fuels has been limited to a demonstration plant that 
began operation in Gillette, Wyoming in 2005.  Although designed to be a commercial plant, the plant 
experienced design and operating problems and was idled in March 2008.  In January 2012, 
Evergreen Energy declared bankruptcy.  Stock in the company is currently traded Over the Counter at 
$0.01 per share. 

Pre-combustion fuel processing is not applicable to the FCPP because it is a-mine mouth plant and 
the fuel from the associated mine contains only 11% to 13% moisture.  In addition, pre-combustion 
fuel processing is not a commercially available technology.  Therefore, processed fuels are not 
considered a technically feasible H2SO4 mist control option for the FCPP. 

Ammonia Injection 

Ammonia-based systems designed for H2SO4 control typically involve ammonia injection into the flue 
gas upstream of a cold-side electrostatic precipitator.  Ammonia will react with SO3 in the flue gas to 
form ammonia salts, mainly ammonium sulfate [(NH4)2SO4] and ammonium bisulfate [NH4HSO4].  
Ammonia salt formation is dependent upon flue gas temperature and reagent stoichiometric ratios.  
Flue gas temperatures at the inlet to a cold-side electrostatic precipitator are typically in the range of 
300°F to 350°F, which will promote the formation of ammonium bisulfate.  Ammonium bisulfate tends 
to make fly ash more cohesive, which can promote fly ash capture in a cold-side electrostatic 
precipitator. 

Ammonia injection for SO3 differs significantly from the use of ammonia for SCR.  When used for 
SCR, ammonia is injected after the economizer where the flue gas temperature is approximately 650 
°F. After reacting with NOx, ammonia slip from the SCR is limited to approximately 10 ppmv.  For 
control of SO3, ammonia is injected at high concentrations (up to 5,000 ppm) prior to the final control 
device which is typically a cold-side EPS as described above.  Ammonium sulfate is a sticky 
substance that can adhere to duct walls and downstream equipment and cause significant plugging 
and blockage issues but can promote fly ash capture in a cold-side electrostatic precipitator.  Although 
ammonia injection has been successfully used for SO3 control on coal-fired units equipped with cold-
side electrostatic precipitators, an ammonia injection system would not have a practical application on 
a unit equipped with a fabric filter, such as the FCPP, due to plugging and blockage issues associated 
with the sticky properties of ammonium bisulfate.  In addition, even if technically feasible, ammonia 
injection is not expected to achieve lower emissions than dry sorbent injection.  Based on technical 
feasibility issues and performance, ammonia injection is eliminated from further consideration. 

Semi-Dry Flue Gas Desulfurization Control Systems 

Spray Dryer Absorber 

Spray dryer absorbers are designed and used to remove SO2 from coal-fired combustion gases.  
These devices also promote the removal of H2SO4 mist.  Semi-dry scrubbing using a spray dryer 
absorber involves the introduction of hydrated lime slurry into a reaction tower where it reacts with 
SO2 in the flue gas to form calcium sulfite solids.  Unlike wet fuel gas desulfurization (FGD) systems 
that produce a slurry by-product that is collected separately from the fly ash, spray dryer absorber 
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FGD systems produce a dry by-product that must be removed with the fly ash in the particulate control 
equipment.  Therefore, a spray dryer absorber system must be located upstream of the unit’s 
particulate control device.  On existing units equipped with a fabric filter and wet scrubber, retrofitting 
the unit with spray dryer absorber FGD includes not only the redundant FGD control system but would 
also require fabric filter modifications.  For the FCPP, a spray dryer absorber FGD system would 
require complete redesign and reconstruction of the existing air pollution control system.  Therefore, a 
semi-dry FGD system would be considered as not technically feasible H2SO4 mist control technology 
for FCPP. 

Even if a spray dryer absorber FGD system is considered to be technically feasible, it does not offer 
any performance advantage over other technologies.  Data from EPA’s RACT/BACT/LAER 
Clearinghouse, presented in Appendix B, show that H2SO4 mist emission limits for projects using this 
option are generally in the 0.0040 lb/MMBtu to 0.0075 lb/MMBtu range.  The only project with both a 
spray dryer absorber FGD system and a wet FGD is the Duke Cliffside Unit 6 project which has a 
H2SO4 mist emission limit set at 0.0050 lb/MMBtu. 

Based on technical feasibility issues and performance, a spray dryer absorber FGD system is 
eliminated from further consideration. 

SBS Injection™ Technology 

The reagent used for SBS injection is sodium carbonate.  In contrast to a spray dryer absorber, which 
uses a slurry and dry sorbent injection, SBS injection uses a clear solution.11,12

Low and Ultra-Low Oxidation SCR Design 

  The use of clear 
solution eliminates problems associated with handling slurries, such as nozzle plugging and erosion.  
Dual fluid nozzles are used to produce small droplets quickly form dry particles in the 1 to 10 micron 
range which are smaller than the 15 to 50 micron particles used for dry injection of sodium 
compounds or hydrated lime.  Although the use of a sodium-based reagent would likely force APS to 
stop selling fly ash, SBS injection is considered to be technically feasible. 

As discussed in Section 2.2.1, NOx reduction in the SCR controls comes at the cost of SO2 
oxidation. Low conversion catalysts contain less vanadium pentoxide (V2O5) and therefore achieve 
lower SO2 oxidation at the expense of less NOx reduction.  Suppliers have improved the low 
oxidation catalyst by using materials such as molybdenum and tungsten that reduce NOx while 
minimizing SO2 conversion, but they are not as effective as V2O5 for NOx control and SO2 oxidation 
is not completely mitigated. 

Catalyst vendors typically recommend a 2+1 (two initial layers plus one future layer) configuration 
on a coal-fired power plant.  However, due to the high ash content at FCPP (typically 23% ash and 
8,880 Btu/lb), a 3+1 design is needed to accommodate a larger pitch to reduce pluggage.  Some 
vendors have noted that lignite ash would be easier to handle than Four Corners ash because the 
larger particles would be easier to remove on a large particle ash screen.  Due to the large cross 
                                                      

11 http://urs-processtechnologies.com/wp-content/uploads/2013/02/SBS-brochure-2_2013.pdf 
 
12 http://codandevelopment.com/core/articles/Ultra-HighSO3Removal2008.pdf 

http://urs-processtechnologies.com/wp-content/uploads/2013/02/SBS-brochure-2_2013.pdf�
http://codandevelopment.com/core/articles/Ultra-HighSO3Removal2008.pdf�
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sectional area that will be needed to maintain the required NOx reduction, the velocity is reduced 
and the flow spread out, creating pluggage and maldistribution issues.  Maldistribution of flow will 
decrease the expected life of the catalyst because areas that are subject to higher flow will 
deactivate at a faster rate and the total NOx reduction potential will decrease.  Areas with significant 
pluggage (most likely outside walls and above structural supports) will physically degrade due to the 
corrosivity of the ash.  The FCPP has one of the most severe ash conditions in the country for SCR 
service.  The high ash quantity, abrasiveness, and low alkalinity are all factors that adversely affect 
SCR performance.   

In order to limit NOx emissions to 0.098 lb/MMBtu, the FCPP will require 4 catalyst layers (3+1) with 
a 3-year catalyst replacement schedule.  A low oxidation catalyst will be used to limit SO2 oxidation 
to 1% (0.25% per layer).  With a high alkaline western subbituminous coal ash, a lower conversion 
rate might be possible, but Four Corner’s ash is not high alkaline.  High alkaline western 
subbituminous coal ash contains 20 – 30% CaO plus MgO while Four Corner’s ash only contains 
about 4% CaO plus MgO.   

Limiting SO2 oxidation to 0.5% might be technically feasible if the catalyst replacement schedule is 
reduced from every 3 years to every 2 years.  For this analysis, limiting SO2 oxidation to 0.5% is 
assumed to be technically feasible. 

Dry Sorbent Injection 

DSI systems involve the injection of sodium- or calcium-based sorbents in the duct work from the 
boiler either: (1) before the SCR system, (2) after the SCR system but before the air preheater, or (3) 
after the air preheater.  DSI systems consist of a storage silo, compressors or blowers to transport the 
sorbent to the duct, and associated piping.  The use of a sodium based reagent (either Trona or SBS) 
would probably force APS to stop selling fly ash.  However, DSI using either a sodium or calcium-
based sorbent is technically feasible. 

4.2.1.3 STEP – 3 Rank Remaining Technologies by Control Effectiveness  

The remaining technologies and their potential control effectiveness are listed in Table 4-1 below. 
Details on the overall control efficiency, which includes the effects of the existing air preheater, fabric 
filter, and wet FGD system are shown in Table 4-2.  The potential performance of the available 
emission control technologies is discussed further in Sections 4.2.1.4 and 4.2.1.5. 

Table 4-1 Ranking of Technically Feasible H2SO4 Mist Control Technologies 
 

Control Technology 
Reduction from 

Baseline 
Emissions(a) 

Emissions 
(lb/MMBtu) 

Emissions 
(ppmvd corrected 

to 3% O2) 

Wet Electrostatic Precipitation 87% 0.00100 (b) 0.3 (b) 

Dry Sorbent Injection or SBS 42% 0.00435 1.5 

Ultra-Low Oxidation (0.5%) SCR Catalyst 39% 0.00461 1.6 

Low Oxidation (1% oxidation) SCR Catalyst (Baseline) 0% 0.00751 2.6 

(a) Baseline emissions account for the use of a low oxidation catalyst. 
(b) This emission may not be achievable.  It is used in this BACT analysis to determine if it might be BACT, if 

achievable. 
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Table 4-2 Detailed Overall H2SO4 Mist Emission Control Data 

Parameter Control Option 
Control Option SCR at 0.5% 

Oxidation 
Dry Sorbent 

Injection 
Wet ESP Units 

Boiler Heat Input 14,822 14,822 14,822 MMBtu/hr 

Fuel S 0.78% 0.78% 0.78% wt % 

Fuel heating Value 8,776 8,776 8,776 Btu/lb 

Oxidation of Fuel S to SO3 0.294% 0.294% 0.294%   

SO3 at Boiler Outlet 96.96 96.96 96.96 lb/hr 

Oxidation of SO2 to SO3 by SCR 0.50% 1.00% 1.00%   

SO3 added by SCR 164.67 329.34 329.34 lb/hr 

SO3 at SCR outlet 261.63 426.30 426.30 lb/hr 

Removal by Air Preheater 50% 50% 50%   

Removal by Baghouse and Wet Scrubber 57.39% 57.39% 57.39%   

SO3 Emissions 55.74 90.82 90.82 lb/hr 

H2SO4 Emissions 68.28 111.26 111.26 lb/hr 

H2SO4 Emissions before Control 0.00461 0.00751 0.00751 lb/MMBtu 

Add on Control H2SO4 Efficiency, % 0% 42% 87%   

H2SO4 Emissions after control 0.00461 0.00435 0.00100 lb/MMBtu 

H2SO4 Emissions after control 1.6 1.5 0.3 
ppmvd 
corrected to 
3% O2 

H2SO4 Emissions after control 68.3 64.5 14.8 lb/hr 

Overall H2SO4 control efficiency  
(SCR outlet to stack) 78.70% 87.64% 97.16%   

4.2.1.4 Step – 4 Evaluate Most Effective Controls and Document Results 

Wet Electrostatic Precipitation 

Wet electrostatic precipitation has been proposed on a very limited number of new coal-fired boilers 
as one technology capable of achieving emission control objectives and capturing sulfuric acid mist 
emissions.  Wet electrostatic precipitation has been demonstrated as an effective control technology 
for sulfuric acid mist emissions from industrial applications with relatively low flue gas flow rates and 
high acid mist concentrations, such as sulfuric acid plants.  However, until recently, the technology 
has not been applied to the utility industry because of the high gas flow volumes and low acid mist 
concentrations associated with utility flue gas as well as the high cost of the corrosion resistant alloys 
that are required. 
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In a utility application, such as Four Corners Units 4 and 5, the wet electrostatic precipitator would be 
located downstream of the wet flue gas scrubber to remove micron-sized H2SO4 aerosols from the 
flue gas stream as a condensable particulate.  Electrostatic precipitation consists of three steps:  
(1) charging the particles to be collected via a high-voltage electric discharge; (2) collecting the 
particles on the surface of an oppositely charged collection electrode surface; and (3) cleaning the 
surface of the collecting electrode.  In a wet electrostatic precipitation system, the collecting electrodes 
are typically cleaned with a liquid wash.  Particulate mass loading, particle size distribution, particulate 
electrical resistivity, and precipitator voltage and current will influence performance.  The wet cleaning 
mechanism can also affect the nature of the particles that can be captured and the performance 
efficiencies that can be achieved. 

Wet electrostatic precipitation has been proposed to control sulfuric acid mist emissions from boilers 
firing a high-sulfur bituminous coal and equipped with SCR and wet flue gas desulfurization.  This 
combination of coal and control equipment results in a relatively high concentration of sulfuric acid in 
the flue gas.  The lower sulfur coals fired at FCPP generate relatively low sulfuric acid mist flue gas 
concentrations compared to high sulfur coal plants. 

For the purpose of this BACT analysis, it is assumed that wet electrostatic precipitation might limit 
H2SO4 mist emissions to 0.0010 lb/MMBtu.  Although 0.0010 lb/MMBtu is used as an assumption in 
this BACT analysis, this emission rate might not be achievable.  The two permit limits identified in this 
analysis, see Appendix B, are the Prairie State, Illinois project at 0.0050 lb/MMBtu and the Elm Road, 
Wisconsin project at 0.0100 lb/MMBtu, both with permit limits much higher than 0.0010 lb/MMBtu. The 
wet ESP system would be located downstream of the wet flue gas desulfurization system on each 
unit.  Based on the assumption that wet electrostatic precipitation can reduce H2SO4 mist emissions 
from 0.00751 lb/MMBtu to 0.0010 lb/MMBtu, the emission reduction based on maximum potential 
emissions would be 211 tpy per unit or 422 tpy total for Units 4 and 5. 

Estimated capital and annual costs for the wet electrostatic precipitation option are presented in 
Tables 4-3 and 4-4, respectively.  As shown in Table 4-3, the APS estimated cost for adding a wet 
ESP to the existing FCPP emission control train is $206 million per unit or $412 million total for Units 4 
and 5.  The APS estimated annualized cost for the wet ESP option, as shown in Table 4-4, is $37.5 
million per unit or $75 million total for Units 4 and 5.  The total reduction in H2SO4 acid mist emissions, 
based on maximum potential emissions, is 411.4 tpy.  Therefore, the overall cost effectiveness is 
$178,000 per ton of H2SO4 acid mist emissions controlled. 

Based on the excessively high cost effectiveness, wet electrostatic precipitation is not BACT for 
H2SO4 mist emissions at the FCPP. 
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Table 4-3 Wet ESP Capital Cost for One Unit (a) 

Cost Item $ Remarks/Cost Basis 

CAPITAL COST   
Direct Costs   

Purchased equipment costs   
WESP system includes casing, electrical 

t  th  bl  & h t   
 

$41,208,000 Engineering estimate 
Ash handling system $1,888,000 Engineering estimate 
Booster fans  $2,467,000 Engineering estimate 
Electrical system upgrades $2,467,000 Engineering estimate 
Ductwork $5,664,000 Engineering estimate 
Subtotal capital cost (CC) $53,694,000  
Instrumentation and controls $2,685,000 (CC) x 5.0% 
Freight $2,416,000 (CC) x 4.5% 
Taxes $5,369,000 (CC) x 10.0% 

Total purchased equipment cost (PEC) $64,164,000  
Direct installation costs   

Foundation & supports $12,833,000 (PEC) x 20.0% 
Handling & erection $32,082,000 (PEC) x 50.0% 
Electrical $6,416,000 (PEC) x 10.0% 
Piping $3,208,000 (PEC) x 5.0% 
Insulation $1,283,000 (PEC) x 2.0% 
Painting $642,000 (PEC) x 1.0% 
Demolition $642,000 (PEC) x 1.0% 
Relocation $642,000 (PEC) x 1.0% 

Total direct installation costs (DIC) $57,748,000  
Total direct costs (DC) = (PEC) + (DIC) $121,912,000  

Indirect Costs   
Engineering $12,191,000 (DC) x 10.0% 
Construction management $6,096,000 (DC) x 5.0% 
Start-up and spare parts $1,829,000 (DC) x 1.5% 
Performance test $100,000 Engineering estimate 
Contingencies $24,382,000 (DC) x 20.0% 

Total indirect costs (IC) $44,598,000  
Construction Difficulty Costs (DIFF) $28,874,000 Engineering estimate from 

  Allowance for Funds Used During Construction (AFDC) $11,239,000 [(DC) + (IC)] x 4.50%, 3 years 
(project time length x 1/2) 

Total miscellaneous costs (MISC) = (DIFF) + (AFDC) $40,113,000  

Total Capital Investment (TCI) = (DC)+(IC)+(MISC) $206,623,000  

(a) Capital costs are based on data developed by Black & Veatch 
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Table 4-4 Wet ESP Annual Costs and Cost Effectiveness 

Cost Item $ Remarks/Cost Basis 

ANNUAL COST   

Direct Annual Costs   

Fixed annual costs   

Maintenance materials and labor $3,657,000 (DC) x 3.0% 

Operating labor $73,000 1 FTE and 72,800 $/year 
Estimated manpower 

Total fixed annual costs $3,730,000  
Variable annual costs   

Operating hours 8,760 hours/year 
Reagent [Mg(OH)2] $74,000 80 lb/hr and 210.00 $/ton 

 Auxiliary power $1,472,000 2,800 kW and 0.06 $/kWh 
 ID fan power $2,208,000 4,200 kW and 0.06 $/kWh 
 Service water $0 350 gpm and 0.002 $/kgal 
 Total variable annual costs $3,754,000  

Total direct annual costs (DAC) $7,484,000  

   
Indirect Annual Costs   
Overhead $2,238,000 60% of O&M and super-

    
   

Taxes, Insurance, and Administration $8,265,000 4% of total installed cost 
 Capital Recovery $19,504,000 7.0%, 20 years, 0.0944 
  Total Indirect annual costs (IDAC) $30,007,000  

   
Total Annual Cost (TAC) = (DAC)+(IDAC) $37,491,000  

   
Potential sulfuric acid mist emissions before 

 
243.7 tpy 

Potential sulfuric acid mist emissions after control 32.5 tpy 

Sulfuric acid mist emission reduction 211.2 tpy 

Cost effectiveness    $178,000 per ton of emissions 
controlled 

(a) EPA Air Pollution Control Cost Manual, Sixth Edition, Section 4, Page 2-44.  EPA/452/B-002-001.  
January 2002. 
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Dry Sorbent Injection or SBS Injection 

Dry sorbent injection (DSI) systems involve the injection of sodium- or calcium-based sorbents in the 
duct work from the boiler either: (1) before the SCR system, (2) after the SCR system but before the 
air preheater, or (3) after the air preheater.  DSI systems consist of a storage silo, compressors or 
blowers to transport the sorbent to the duct, and associated piping.  SBS injection is similar except 
that sodium bicarbonate is used and it is injected as a solution in water. 

Flue gas properties, reagent properties, and injection system design all affect the performance of a 
DSI system.  Important flue gas properties include the concentration of acid gas species (SO3, SO2, 
and hydrochloric acid (HCl)) and temperature.  Both sodium and calcium sorbents tend to first capture 
SO3, then HCl, followed by SO2.  However, even when control of SO3 is the primary objective, HCl 
and SO2 may consume much of the reagent depending upon the selected reagent, pollutant 
concentrations and temperature.  Sodium reagents have high SO3 reactivity, but they also readily 
react with both HCl and SO2.  For power plants with existing wet FGD systems, such as the FCPP, 
reaction of sodium compounds with SO2 is an undesirable and expensive secondary effect.  For SO3 
control, injection of hydrated lime at a relatively low temperature can minimize the collection of SO2.   

The porosity of the reagent affects its reactivity and utilization.  Injection at higher temperatures and 
milling of the sorbent to a very small particle size can increase porosity.  Sorbacal® SP is specially 
prepared hydrated lime with high surface area and porosity. 

Key injection system considerations are reagent distribution, gas residence time, and the type of 
particulate control.  DSI systems require intimate and uniform contact with the acid gases in the flue 
gas.  If some of the flue gas does not contact the reagent, performance will be adversely affected.  
Computerized fluid dynamic modeling and static mixing have been effective to insure good mixing of 
the sorbent and the flue gas.  In general, baghouses provide added gas-solid contact compared to an 
electrostatic precipitator and better acid gas emission control. 

APS has discussed DSI and SBS with equipment and chemical vendors to determine the 
effectiveness and to estimate the quantities of sorbent required.  The discussions focused on 
available sorbents, sorbent injection points (before or after the air preheater), required sorbent 
quantities and H2SO4 mist emission control performance.  Based on these discussions, APS has 
determined that SBS or DSI can reduce H2SO4 mist emissions by 42% and H2SO4 mist emissions can 
be limited to 0.00435 lb/MMBtu, which is equivalent to 1.5 ppmvd corrected to 3% O2. Vendors 
expressed concerns and doubts about guaranteeing emissions below 1.5 ppmvd corrected to 3% O2 
due to uncertainties about achieving this low concentration and demonstrating performance at FCPP.  
Although some facilities have shown emissions below 1.5 ppmvd corrected to 3% O2, the commercial 
guarantees have been 1.5 ppmvd corrected to 3% O2 and higher. 

For the FCPP, hydrated lime is the best reagent choice for several reasons.  The use of a sodium-
based reagent would increase the sodium content of the fly ash, which would probably prevent the 
FCPP from continuing to sell fly ash.  Currently, the FCCP sells more than 1,000,000 million tons of fly 
ash per year.  The net cost of not selling fly ash would be approximately $4 million/year.  In addition, 
not selling fly ash presents adverse environmental impacts because instead of being reused, the fly 
ash would have to be landfilled.  Also, sodium compounds are very soluble in water and can create 
landfill leachate problems. 
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For the FCPP, a lime-based DSI system is the preferred H2SO4 mist emission control option.  
Achievable H2SO4 emissions are based on stack test results for the effect of combustion, the use of a 
low oxidation SCR catalyst with up to 4 layers, removal by the air preheater, removal by the fabric filter 
and wet scrubber, and increased removal by DSI as previously shown in Table 4-2.  A low oxidation 
catalyst can be used in the SCR system to limit oxidation to 1%.  The air preheater will remove 50% of 
the H2SO4 mist entering the unit and the fabric filter and wet scrubber system will provide 57.39% 
control.  The addition of DSI will provide 42% additional control resulting in an overall control efficiency 
of approximately 88%.  Removal by the air preheater is based on test data for the current 
configuration of Units 4 and 5 at FCPP, and the effect of the increased operating temperature required 
for the SCR.  The control efficiency for the fabric filter and wet scrubber system is also based on test 
data for current operations.  APS discussed DSI and SBS control options with equipment and 
chemical vendors to determine the effectiveness of these systems and to estimate the quantities of 
sorbent required.  The discussions focused on available sorbents, sorbent injection points (before or 
after the air preheater), required sorbent quantities and H2SO4 mist emission control performance.  
Based on these discussions, APS has determined that DSI or SBS can reduce H2SO4 mist emissions 
by 42% and H2SO4 mist emissions can be limited to 0.00435 lb/MMBtu, which is equivalent to 1.5 
ppmvd corrected to 3% O2. 

There are no unacceptable energy, economic, or non-air quality environmental impacts associated 
with using hydrated lime for dry sorbent injection. 

Ultra- Low Oxidation SCR Catalyst 

It may be possible to limit oxidation of SO2 to SO3 by the SCR catalyst to 0.5% by replacing the 
catalyst every 2 years instead of every 3 years.  Without DSI or SBS, this option would limit H2SO4 
mist emissions to 1.6 ppmvd corrected to 3% O2.  Based on APS’s discussion with DSI and SBS 
vendors, available performance guarantees would not be affected by the lower pre-control emissions 
associated with an ultra-low oxidation SCR catalyst.  Therefore, an ultra-low oxidation catalyst does 
not offer an emission performance advantage when compared to a low oxidation catalyst with DSI.  In 
addition, a 2-year catalyst would increase the annual SCR cost by approximately $5 million/year. 

The use of an ultra-low oxidation catalyst is not BACT, because it does not achieve lower emissions 
than DSI. 

4.2.1.5 Step – 5 Select the Best Available Control Technology 

As previously discussed in Section 4.1.2.4, wet electrostatic precipitation is not BACT due to the very 
high cost effectiveness of approximately $178,000 per ton of sulfuric acid mist controlled   As BACT, 
APS proposes the use of a low oxidation SCR catalyst, DSI, fabric filtration, and wet FGD to limit 
H2SO4 mist emissions to 0.00435 lb/MMBtu which is equivalent to 1.5 ppmvd corrected to 3% O2. 

The proposed H2SO4 emission rate of 0.00435 lb/MMBtu is within the range of recent BACT 
determinations listed in Appendix B, Table B-1.  Permit limits vary widely due to many factors 
including boiler design, coal characteristics, SCR design and NOx control requirements, particulate 
control equipment type, SO2 control equipment, and other factors.  For example, the coal used by the 
projects listed in Appendix B, Table B-1 typically are not high ash, low alkalinity coal similar to the coal 
used at the FCPP.  In addition, it should be noted almost all of the projects listed in Table B-1 are new 
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boilers, not retrofit projects like the FCPP SCR Retrofit Project.  In almost all cases, the listed controls 
were selected to meet SO2 and particulate control requirements in the most cost effective manner.  
The design of a new air pollution control system can allow the cost of a wet ESP, for example, to be 
partially offset by reduced costs for other air pollution control equipment.  Also, the cost of control 
equipment for a new boiler is much lower than the cost to retrofit the same equipment at an existing 
facility. 

While there are some lower emission rates listed in Table B-1, many of those instances are for 
circulating fluidized bed combustion projects not pulverized coal-fired boilers.  The high concentrations 
of limestone and lime in a circulating fluidized bed combustion unit can be expected to provide 
lowerH2SO4 mist emissions than a pulverized coal-fired boiler.   

The emission limits for many of the other projects listed in Table B-1 have not been demonstrated as 
achieved in practice because the projects were never built.  Notices of violation were issued for the 
lowest emission rates, which were in the 0.00050 to 0.00140 lb/MMBtu range at the Naughton facility 
in Wyoming.  One or two projects with low permitted emission limits do not demonstrate that the 
FCPP can consistently achieve the same emission rate on a continuous basis.  Even when a stack 
test showing compliance is available, this does not demonstrate that the project can achieve the 
specified permit limit on a long term basis.  Stack tests are typically conducted within 180 days of 
startup when the air pollution control system is almost new and before the maximum number of 
catalyst layers have been installed, and hence are not representative of how well the system will 
control emissions over time. 

4.2.2 Units 4 and 5 – Existing Pulverized Coal Fired Boilers – PM10 and PM2.5 
Emissions 

The SCR Retrofit Project will not increase filterable PM, PM10, or PM2.5 emissions from the main stack 
on Units 4 and 5.  Injection of sorbent to control H2SO4 mist emissions increases PM emissions before 
control by less than 1%, which is less than normal variations.  In addition, EPA states: “….fabric filters 
can be considered to be constant outlet devices rather than constant efficiency devise.”13

However, total PM10 and PM2.5 will increase due to an increase in H2SO4 mist emissions.  The top-
down BACT analysis for H2SO4 mist emissions that is presented in Section 4.2.1 applies to 
condensable PM10 and PM2.5.  APS proposes the use of a low oxidation SCR catalyst, DSI, fabric 
filtration, and wet FGD to limit H2SO4, and thus, condensable particulate, as BACT for PM10 and PM2.5.  
Emission rates for PM10 and PM2.5 are discussed below. 

  

The BART determination for Units 4 and 5 limits filterable PM emissions to 0.015 lb/MMBtu (Federal 
Register 2012), reduced from the current Title V permit level of 0.050 lb/MMBtu.  The proposed BACT 
emission rate for PM10 is 0.0222 lb/MMBtu based on the sum of: 

• Filterable PM10 = 92% of 0.015 lb/MMBtu based on AP-42 Table 1.1-6 

                                                      

13 http://www.epa.gov/ttn/catc/dir1/ff-pulse.pdf 

http://www.epa.gov/ttn/catc/dir1/ff-pulse.pdf�
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• Organic condensable PM10 = 20% of 0.02 lb/MMBtu (i.e., 0.004 lb/MMBtu) based on AP-42 
Table 1.1-5 

• Inorganic condensable PM10 = sulfuric acid mist = 0.00435 lb/MMBtu based on BACT (as 
described in this section of this permit application) 

The proposed BACT emission rate for PM2.5 is 0.0163 lb/MMBtu based on the sum of: 

• Filterable PM2.5 = 53% of 0.015 lb/MMBtu based on AP-42 Table 1.1-6 

• Organic condensable PM2.5 = 20% of 0.02 lb/MMBtu (i.e., 0.004 lb/MMBtu) based on AP-42 
Table 1.1-5 

• Inorganic condensable PM2.5 = sulfuric acid mist = 0.00435 lb/MMBtu based on BACT 
(Section 5.2) 

The proposed PM10 and PM2.5 BACT emission rates are consistent with the permit limits for new 
power plants in EPA’s RACT/BACT/LAER Clearinghouse, which are summarized in Table B-2 in 
Appendix B. 

Figure 4-1 presents a block flow diagram of the planned emission controls for Units 4 and 5.  The flue 
gas exits the boiler system through the economizer, where heat is recovered by heating boiler feed 
water.  When the SCR’s are installed, there will be an economizer bypass or a change in the 
economizer design to increase the flue gas temperature during start-up.  This will allow ammonia 
(NH3) for NOx control to be added to the SCR sooner in the start-up process.  The SCR catalyst is 
ineffective without NH3 and NH3 cannot be added until the temperature is at a minimum to avoid 
ammonium bisulfate scaling of the SCR system. 

After the economizer and the injection of NH3, the flue gas passes through the SCR, where NOx 
reacts with NH3 and is converted to nitrogen (N2).  The SCR also causes some SO2 to be converted to 
SO3.  Flue gas from the SCR passes through the air preheater, where heat is recovered by heating 
the combustion air.  Because the flue gas temperature drops as it passes through the air preheater, 
there is some ammonium bisulfate and/or H2SO4 mist deposition towards the back of the air 
preheater.   

After the air preheater, DSI emission control system will inject hydrated lime in order to control H2SO4 
mist emissions.  The hydrated lime used in the DSI system will react with SO3, and some SO2, in the 
flue gas to form salts which can be removed in the fabric filter.   

The fabric filter will remove the sulfur salts, unreacted lime and fly ash.  In addition, some H2SO4 mist 
will be removed by the cake on the bag surfaces. 

Finally, the flue gas enters the wet flue gas desulfurization system.  SO2 and some additional 
SO3/H2SO4 will be removed, as well as a minor amount of fine particulate that passed through the 
fabric filter.  From the wet flue gas desulfurization system, the flue gas goes to the stack. 
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Figure 4-1 FCPP Air Pollution Control Equipment Block Flow Diagram 

 

4.2.3 New Sorbent and Urea Silos – PM10 and PM2.5 Emissions 
The project will include a new silo for storage of hydrated lime and, if urea is used for the SCR system, 
a second silo for urea storage.  Emissions from the silos occur during pneumatic transfer of delivered 
materials from the delivery trucks to the silos.  A top-down BACT analysis is presented below. 

4.2.3.1 STEP – 1 Available PM10 and PM2.5 Emission Control Alternatives 

The sorbent and urea silos are small emission sources with low flow rates, at or below 5,000 acfm.  
The only available options for these sources are fabric filters (often referred to as bin vent filters) or no 
controls. 

4.2.3.2 STEP – 2 Eliminate Technically Infeasible Options 

Both bin vent filters and no controls are technically feasible. 

4.2.3.3 STEP – 3 Rank Remaining Technologies Control Effectiveness 

Bin vent filters are the most effective option.  Bin vent filters can achieve greater than 99% control and 
can limit both PM10 and PM2.5 emissions to 0.010 to 0.0050 gr/scf. 
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4.2.3.4 STEP – 4  Evaluate Most Effective Controls and Document Results 

Bin vent filters are the most effective controls and the only commercially available control option.  
Recent permits, which are summarized in Table B-3, support an emission rate of 0.0050 gr/scf for 
both PM10 and PM2.5 emissions. 

4.2.3.5 STEP - 5 Select the Best Available Emission Control Technology 

The new silos will have bin vent filter/baghouses for control of PM10 and PM2.5 emissions.  The 
proposed BACT limit is 0.0050 gr/scf, which will limit PM10 and PM2.5 emissions to 0.0029 tpy and 
0.0071 tpy for the sorbent and urea silos, respectively. 

4.2.4 New Truck Traffic – PM10 and PM2.5 Emissions 
The SCR Retrofit Project will increase on-site truck traffic due to the delivery of reagents for the DSI 
and SCR systems.  Truck traffic will increase fugitive PM10 and PM2.5 emissions from roadways. 

4.2.4.1 STEP – 1 Available PM10 and PM2.5 Emission Control Alternatives 

The available control technologies for emissions due to truck traffic are paved roads with dust 
controls, paved roads, gravel roads, the use of chemical surfactants, watering, and speed controls on 
unpaved roads. 

4.2.4.2 STEP – 2 Eliminate Technically Infeasible Options 

Paved roads with dust controls, paved roads, gravel roads, and the use of chemical surfactants, 
watering, and speed controls on unpaved roads are technically feasible options. 

4.2.4.3 STEP – 3 Rank Remaining Technologies Control Effectiveness 

Limiting truck traffic to travel on paved roads with the use of dust controls is the most effective control 
option. 

4.2.4.4 STEP – 4  Evaluate Most Effective Controls and Document Results 

There are no adverse environmental, energy or other impacts associated with the use of paved roads 
with dust controls. 

4.2.4.5 STEP – 5 Select the Best Available Emission Control Technology 

Limiting new truck traffic to travel only on paved roads with dust controls is proposed as BACT for 
FCPP.  Dust controls at the FCPP include watering and sweeping as described in the FCPP’s Dust 
Control Plan as required by 40 CFR §49.5512(j).14

 

 

 

                                                      

14 Dust Control Plan for Four Corners Steam Electric Station, Title V Operating Permit NN-ROP-05-07, November 
19, 2012. 
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5.0   Project Emission Summary 

The emissions increases due to the SCR Retrofit Project are based on the differences between 
projected future emissions or potential emissions for new sources and baseline actual emissions as 
described in this section. 

5.1 Baseline Actual Emissions 
Baseline emissions are based on the annual average emissions for a 24- month period within 5 years 
of the expected start of construction.  APS has selected the January 2011 to December 2012 for the 
determination of baseline actual emissions.  Baseline SO2, NOx, and CO2 emissions and fuel use are 
based on CEMS data from EPA’s Air Markets Program data base.  Supplemental information such as 
stack test data for sulfuric acid mist and AP-42 factors for condensable PM10 and PM2.5 was also used 
to complete the baseline emission calculations.  Table 5-1 presents a summary of the emission factor 
or average in pounds per million British thermal units (lb/MMBtu) and the baseline emissions in tons 
per year (tpy).  Detailed baseline emission calculations are presented in Tables A-1.1 and A-1.2 in 
Appendix A. 

5.2 Future Projected Emissions 
Future projected emissions are based on the APS’s projections that the FCPP annual capacity factor 
may increase to 89.35% due to demand growth as shown in Appendix A, Table A-8.  In addition, there 
will be a projected related increase in the utilization of Units 4 and 5 due to the additional power 
needed to operate the SCR system and occasional bypassing of the economizer.  The SCR system is 
expected to increase fuel use by 0.3%, as shown in Appendix A, Table A-9, above the projected 
89.35% utilization due to these parasitic power requirements.  The emissions rates (lb/MMBtu) for all 
pollutants—other than NOx, H2SO4, PM10, and PM2.5—are not expected to be affected by the project.  
Therefore, projected emission rates are for the post-project period —other than NOx, H2SO4, PM10, 
and PM2.5—are the same as the baseline.  The post-project NOx rate will be significantly lower after 
the project because the SCR is designed to reduce NOx.  The post-project emission rates for H2SO4, 
PM10, and PM2.5are higher than in the baseline period as a result of the SCR operation.  Projected 
future emissions for FCPP Units 4 and 5 are shown in Table 5-2. 

Under 40 CFR §52.21(b)(41)(ii), in determining projected actual emissions under paragraph (b)(41) 
the operator shall exclude, in calculating any increase in emissions that results from the particular 
project, that portion of the unit's emissions following the project that an existing unit could have 
accommodated during the consecutive 24-month period used to establish the baseline actual 
emissions under paragraph (b)(48) of this section and that are also unrelated to the particular project.  
All of the post-project emissions, except for the emissions associated with the increased heat input 
due to the parasitic power for the SCR and the increases in H2SO4, PM10, and PM2.5 emission rates, 
are unrelated to the SCR retrofit project; and they also could have been accommodated in the 
baseline period because the SCR has no other impacts on the utilization of the unit or the emission 
rates.   
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New sources of air emissions consist of silos for storage of the sorbents and reagents for dry sorbent 
injection and SCR.  In addition, there will be an increase in road traffic for delivery of these sorbents 
and reagents.  Emission calculations for these small sources are presented in Tables A-4 and A-5 in 
Appendix A. 

5.3 PSD Applicability 
The FCPP SCR Retrofit Project decreases NOx emissions from Units 4 and 5 by approximately 
19,200 tpy.  However, the addition of SCR will increase H2SO4 mist emissions.  The increase in H2SO4 
mist will be minimized by using dry sorbent injection.  Overall, the Project will be subject to PSD for 
H2SO4 mist, PM10, and PM2.5 as is shown in Table 3-3 and Table A-3 in Appendix A. 

Table 5-1 Baseline Emission Summary for Units 4 and 5 (a) 

Pollutant 

Emission 
Factor or 
Average 

Emissions 
(lb/MMBtu) 

24-Month 
Annual 
Average 

Emissions 
(tpy) 

Basis for Emission Factor or Annual Emissions 

SO2 0.1722 8,373 CEMS, EPA Air Markets Program data 

NOx 0.4941 24.029 CEMS, EPA Air Markets Program data 

PM 0.0132 644.2 Annual PM Test & CEMS Heat Input 

PM10 0.0165 801.3 92% of creditable filterable PM based on AP-42 Table 1.1-6 plus 
organic condensables at 20% of 0.02 lb/MMBtu based on AP-42 Table 
1.1-5 plus inorganic condensables equal to H2SO4 mist 

PM2.5 0.0113 550.0 52% of creditable filterable PM based on AP-42 Table 1.1-6 plus 
organic condensables at 20% of 0.02 lb/MMBtu based on AP-42 Table 
1.1-5 plus inorganic condensables equal to H2SO4 mist 

H2SO4 0.00029 14.1 2011 stack test 

CO 0.0297 1,444 Fuel use and AP-42 Table 1.1-3 10/96 

VOCs 0.00012 5.79 Fuel use and EPRI Emission Factor Handbook  

Lead 2.36E-06 0.1148 Fuel use and EPRI Emission Factor Handbook 

GHG as CO2e 206.8 10,058,133 CEMS, EPA Air Markets Program data 

(a) Baseline emissions are based on the annual average emissions for the 24-month period beginning on January 1, 
2012 and ending December 31, 2012 
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Table 5-1 Projected Future Emission Calculation for Units 4 and 5 

Parameter Value Units Comments 

Pre-Project Heat Input 97,258,307 MMBtu/yr See Table A 1.2 

Post-Project Heat Input with Demand Growth 
without Parasitic Load and Economizer 
Inefficiency 

116,008,264 MMBtu/yr 89.35% capacity factor, see table A-8 

Heat Input to Demand Growth 18,749,957 MMBtu/yr   

Increased Power Demand due to New 
Emission Controls 348,025 MMBtu/yr 

0.3% (see Table A-9) of the future projected 
capacity factor of 89.35% (see Table A-8) which 
includes demand growth 

Total Projected Future Fuel Use 116,356,289 MMBtu/yr 
Post-project heat input including demand growth 
and increased power demand due to new 
emission controls 

Total Projected Capacity Factor 89.61% 
 

  

Projected Future Fuel Use Excluding 
Demand Growth 97,606,332 MMBtu/yr Pre-project heat input plus increased power 

demand due to new emission controls 

Projected Capacity Factor Excluding Demand 
Growth and Non-Project Related Changes 75.17% 

 
  

SO2 Emission Rate 0.1722 lb/MMBtu Same as baseline, no project related change 

SO2 Emissions 8,403.2 tpy Based on Projected Future Fuel Use Excluding 
Demand Growth 

NOx Emission Rate 0.0980 lb/MMBtu 40 CFR 49 BART Rule, 30-day rolling average 

NOx Emissions 4,782.7 tpy Based on Projected Future Fuel Use Excluding 
Demand Growth 

PM Emission Rate 0.0132 lb/MMBtu Same as baseline, no project related change 

PM Emissions 646.5 tpy Based on Projected Future Fuel Use Excluding 
Demand Growth 

PM10 Emission Rate 0.0222 lb/MMBtu 
BACT - 92% of 0.015 lb/MMBtu plus 0.0040 
lb/MMBtu condensable organics plus 0.00435 
lb/MMBtu sulfuric acid mist emissions 

PM10 Emissions 1,288.9 tpy Total emissions including demand growth 

Basis for Demand Growth Exclusion (c) 0.0165 lb/MMBtu Baseline emission rate 

Demand Growth Exclusion (c) 154.47 tpy Baseline emission rate x demand growth 

PM10 Emissions 1,134.4 tpy Excluding non-project related emissions 
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PM2.5 Emission Rate 0.0163 lb/MMBtu 
BACT - 53% of 0.015 lb/MMBtu plus 0.0040 
lb/MMBtu condensable organics plus 0.00435 
lb/MMBtu sulfuric acid mist emissions 

PM2.5 Emissions 948.5 tpy Total emissions including demand growth 

Basis for Demand Growth Exclusion (c) 0.0113 lb/MMBtu Baseline emission rate 

Demand Growth Exclusion (c) 106.04 tpy Baseline emission rate x demand growth 

PM2.5 Emissions.  842.5 tpy Excluding non-project related emissions 

Sulfuric Acid Mist Emission Rate 0.00435 lb/MMBtu See Table A-2 

Sulfuric Acid Mist Emissions 253.29 tpy Total emissions including demand growth 

Basis for Demand Growth Exclusion (c) 0.00029 lb/MMBtu Baseline emission rate 

Demand Growth Exclusion (c) 2.72 tpy Baseline emission rate x demand growth 

Sulfuric Acid Mist Emissions  250.6 tpy Excluding non-project related emissions 

CO Emission Rate 0.02969 lb/MMBtu Same as baseline, no project related change 

CO Emissions 1,449.0 tpy Based on Projected Future Fuel Use Excluding 
Demand Growth 

VOC Emission Rate 0.000119 lb/MMBtu Same as baseline, no project related change 

VOC Emissions 5.81 tpy Based on Projected Future Fuel Use Excluding 
Demand Growth 

Lead Emission Rate 2.36E-06 lb/MMBtu Same as baseline, no project related change 

Lead Emissions 0.115 tpy Based on Projected Future Fuel Use Excluding 
Demand Growth 

CO2 Emission Rate 205.2 lb/MMBtu Same as baseline, no project related change 

CO2 Emissions 10,013,236 tpy Based on Projected Future Fuel Use Excluding 
Demand Growth 

CO2e Emission Rate 206.8 lb/MMBtu Same as baseline, no project related change 

CO2e Emissions 10,094,124 tpy 
Based on Projected Future Fuel Use Excluding 
Demand Growth 

(a)  Projected actual emissions do not include exclusions allowed by  40 CFR 52.21(b)(41)(ii):  "In determining projected actual emissions 
under paragraph (b)(41) the operator shall  exclude, in calculating any increase in emissions that results from the particular project, that 
portion of the unit's emissions following the project that an existing unit could have accommodated during the consecutive 24-month 
period used to establish the baseline actual emissions under paragraph (b)(48) of this section and that are also unrelated to the particular 
project, including any increased utilization due to product demand growth. 
(b)  The auxiliary load, in terms of increased fuel use, is based on occasional or periodic increased firing to compensate for SCR power 
use and economizer bypass which result in lower net power output. See Table A-9. 
(c)  Emissions from demand growth at the baseline emission rate are "unrelated to the particular project". 
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6.0   Air Quality Impact Analyses 

6.1 Overview 
As part of the PSD review requirements, an assessment of the potential impact of Project emissions on 
ambient air quality was completed.  This section describes the modeling procedures that were used for 
assessing PSD Class I and Class II modeled impacts from project-related emissions.  The modeling 
procedures were designed to be consistent with the EPA’s Guideline on Air Quality Models (GAQM; 
EPA 2005a, 40 CFR 51 Appendix W, November 9, 2005, as amended).   

In addition to following EPA’s GAQM, a presentation on the proposed modeling procedures for the 
FCPP SCR Retrofit Project was submitted to EPA Region 9 and discussed with representatives of EPA 
and the Navajo Nation on June 3, 2013.  A subsequent discussion was also conducted with 
representatives of the National Park Service (NPS) Federal Land Managers.  Some adjustments were 
made to the modeling approaches and impact analyses as a result of these discussions.   

The results of the PSD Class II modeling demonstrate that impacts from the modeled PSD-applicable 
pollutants (PM10, PM2.5, and H2SO4) will be less than EPA Significant Impact Levels (SILs) for the 
applicable averaging periods.  Although results of the PSD Class I analysis modeled impacts slightly 
above the 24-hour PM2.5 SIL at Mesa Verde National Park, all impacts were below the applicable PSD 
Class I increments (for both PM10 and PM2.5).   

6.2 PSD Class II Analyses 
The suitability of an air quality dispersion model for a particular application is dependent upon several 
factors.  For this study, the following selection criteria were evaluated: 

• Proposed or approved regulatory dispersion models and guidance; 

• Availability of representative meteorological data; 

• Land use analysis; 

• Stack height relative to nearby structures; and 

• Local terrain. 

The EPA GAQM (2005a) prescribes a set of approved models for regulatory applications for a wide 
range of source types and dispersion environments.  Based on a review of the factors discussed 
below, the latest version of AERMOD (12345) (EPA 2004a) is used with default settings to assess 
compliance for the Project. 

  



AECOM Environment 

 
60221977-460 October 2013 

6-2 

 

6.2.1 Meteorological Data 
6.2.1.1 Selection Criteria 

There are several factors that need to be weighed when selecting the source of meteorological data to 
be used in a dispersion modeling study.  For AERMOD, the most important factor to consider is site 
representativeness with respect to terrain considerations and land use between the AERMOD 
application site and the meteorological measurement site, as these parameters potentially have a large 
effect on the predominant wind direction and boundary layer parameterization of the meteorological 
inputs into AERMOD.  Other factors such as data capture, quality of data, elevation differences, and 
distance between the measurement site and the application site need also to be considered.  For this 
application, since the meteorological measurements come from a meteorological tower less than 4 
kilometers from the FCPP, site representativeness is not in question.  Therefore, the meteorological 
data processing discussion is focused on data capture and quality of data. 

Meteorological data required for AERMOD include hourly values of wind speed, wind direction, and 
ambient temperature.  Since the AERMOD dispersion algorithms are based on atmospheric boundary 
layer dispersion theory, additional boundary layer variables are derived by parameterization formulas, 
which are computed by the AERMOD meteorological preprocessor, AERMET.  These parameters 
include sensible heat flux, surface friction velocity, convective velocity scale, vertical potential 
temperature gradient, convective and mechanical mixing heights, Monin-Obukhov length, surface 
roughness length, Bowen ratio, and albedo. 

6.2.1.2 Available Meteorological Data 

The AERMOD modeling for the Project was conducted with data available from a nearby 10-meter 
meteorological tower, referred to as Navajo Met Tower 1, maintained by BHP Billiton for the Navajo 
Coal Mine.  BHP Billiton maintains three meteorological towers in the area, and some parameters such 
as ambient temperature can be derived from any of these local towers.  The database was provided by 
APS and BHP Billiton and is of sufficient quality for an air dispersion modeling application.  The data 
and instrumentation are routinely maintained to the quality and data capture (discussed below) that is 
required for modeling in support of a New Source Review permit according to EPA’s ambient 
monitoring guidance (EPA, 2000). 

The location of Navajo Met Towers 1 and 2 are shown in Figure 6-1.  The 10-meter towers record the 
following measurements (all at 10 meters except for precipitation): 

1. Wind speed  

2. Wind direction and Sigma Theta (standard deviation of the wind direction) 

3. Temperature  

4. Relative Humidity  

5. Precipitation. 

The five years of meteorological data chosen for this analysis were April 2006 through March 2011.  
Temperature data for Navajo Met Tower 1 in 2007 did not meet EPA’s 90% quarterly data capture 
requirements (as shown in Table 6-1); therefore temperature data from Navajo Met 2 was substituted 
for this period. 
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Figure 6-1 Meteorological Tower Locations 
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Table 6-1 Data Capture for Navajo Met Tower 1 

Quarter 
10-Meter 

Wind Speed 

10-Meter 
Wind 

Direction 

10-Meter 
Sigma-
Theta 

10-Meter 
Temperature 

EPA 
Threshold 

2006 
1st Qtr 100% 100% 100% 100% 90% 

2nd Qtr 100% 100% 100% 100% 90% 

3rd Qtr 100% 100% 100% 100% 90% 

4th Qtr 96% 96% 96% 93% 90% 

2007 
1st Qtr 95% 95% 95% 95% 90% 

2nd Qtr 100% 100% 100% 44% a 90% 

3rd Qtr 100% 100% 100% 64% a 90% 

4th Qtr 93% 100% 100% 100% 90% 

2008 
1st Qtr 100% 100% 100% 100% 90% 

2nd Qtr 100% 100% 100% 100% 90% 

3rd Qtr 100% 100% 100% 100% 90% 

4th Qtr 100% 100% 100% 100% 90% 

2009 
1st Qtr 100% 100% 100% 100% 90% 

2nd Qtr 100% 100% 100% 100% 90% 

3rd Qtr 100% 100% 100% 100% 90% 

4th Qtr 100% 100% 100% 100% 90% 

2010 
1st Qtr 100% 100% 100% 100% 90% 

2nd Qtr 100% 100% 100% 100% 90% 

3rd Qtr 100% 100% 100% 100% 90% 

4th Qtr 100% 100% 100% 100% 90% 

2011 
1st Qtr 100% 100% 100% 100% 90% 

2nd Qtr 100% 100% 100% 100% 90% 

3rd Qtr 100% 100% 100% 100% 90% 

4th Qtr 100% 100% 100% 100% 90% 
a. Data does not meet data capture requirements so data from Met Tower 2 was used for these two 

quarters in 2007 
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Upper air data for the concurrent period were obtained from Albuquerque International Airport, New 
Mexico, located about 250 km SE of the Project site.  The Albuquerque upper air data were provided 
by Eric Peters of New Mexico Environment Department (NMED).  The missing wind speed and 
direction data were not filled given the low number of missing hours.  Variables not available from the 
Navajo Met Tower 1 (such as cloud cover) were taken from the Farmington Regional Airport, New 
Mexico (about 25 km to the ENE of the Project). 

6.2.1.3 AERMET Processing 

The five years of hourly surface meteorological data from Navajo Met Tower 1 along with concurrent 
upper air data from Albuquerque International Airport, NM were processed with AERMET (EPA 2012) 
with the default settings.  Table 6-2 gives site locations and information on these data sets. 

AECOM utilized the latest version of AERMET (12345), the meteorological preprocessor, to create 
AERMOD-ready meteorological inputs.  Since wind data from Farmington Regional Airport are not 
being substituted during Stage 3 of the AERMET processing, the incorporation of 1-minute Automated 
Surface Observing System (ASOS) data from Farmington and AERMINUTE is not necessary for this 
application. 

Table 6-2 Meteorological Data Used in Running AERMET 

Met Site Latitude Longitude 

Base 
Elevation 

(m) 
Data 

Source Data Format 

Albuquerque 
International Airport, NM 35.05N 106.62W 1619.0 NMENV FSL 

Farmington Regional 
Airport, NM 36.744N 108.229W 1678.0 NMENV ISHD 

Navajo Met Tower 1 
Monitoring Station, NM 36.680N 108.450W 1646.0 APS/BHP 

Billiton free format 

AERMET creates two output files for input to AERMOD: 

• SURFACE: a file with boundary layer parameters such as sensible heat flux, surface 
friction velocity, convective velocity scale, vertical potential temperature gradient in the 
500-meter layer above the planetary boundary layer, and convective and mechanical 
mixing heights.  Also provided are values of Monin-Obukhov length, surface roughness, 
albedo, Bowen ratio, wind speed, wind direction, temperature, and heights at which 
measurements were taken. 

• PROFILE: a file containing multi-level meteorological data with wind speed, wind 
direction, temperature, sigma-theta (σθ) and sigma-w (σw) when such data are available.  
For this application involving representative data from the nearest NWS station, the 
PROFILE file will contain a single level of wind data (10 meters) and temperature data 
(2 meters). 
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The AERMOD Implementation Guide (AIG) recommends that the surface characteristics be 
determined based on digitized land cover data.  EPA has developed a tool called AERSURFACE (EPA 
2013) that can be used to determine the site characteristics based on digitized land cover data in 
accordance with the recommendations from the AIG discussed above.  AERSURFACE incorporates 
look-up tables of representative surface characteristic values by land cover category and seasonal 
category.  AERSURFACE will be applied with the instructions provided in the AERSURFACE User’s 
Guide. 

AECOM utilized AERSURFACE (Version 13016) which supports the use of land cover data from the 
USGS National Land Cover Data 1992 (NLCD92) archives (USGS 1992).  The NLCD92 archive 
provides data at a spatial resolution of 30 meters based upon a 21-category classification scheme 
applied over the continental U.S.  The AIG recommends that the surface characteristics be determined 
based on the land use surrounding the site where the surface meteorological data were collected, in 
this case around Navajo Met Tower 1.  As recommended in the AIG for surface roughness, the 1-km 
radius circular area centered at the meteorological station site can be divided into sectors for the 
analysis; each chosen sector has a mix of land uses that is different from that of other selected sectors.  
Sectors used to define the meteorological surface characteristics for Navajo Met Tower 1 is shown in 
Figure 6-2. 

In AERSURFACE, the various land cover categories are linked to a set of seasonal surface 
characteristics.  As such, AERSURFACE requires specification of the seasonal category for each 
month of the year.  The following five seasonal categories are supported by AERSURFACE, with the 
applicable months of the year specified for this site. 

• Midsummer with lush vegetation (June-September);  

• Autumn with un-harvested cropland (October-November); 

• Late autumn after frost and harvest, or winter with no snow (December-March);  

• Winter with continuous snow on ground (none); and 

• Transitional spring with partial green coverage or short annuals (April-May). 

For Bowen ratio, the land use values are linked to three categories of surface moisture corresponding 
to average, wet and dry conditions.  The surface moisture condition for the site may vary depending on 
the meteorological data period for which the surface characteristics will be applied.  AERSURFACE 
applies the surface moisture condition for the entire data period.  Therefore, if the surface moisture 
condition varies significantly across the data period, then AERSURFACE can be applied multiple times 
to account for those variations.  As recommended in AERSURFACE User’s Guide, the surface 
moisture condition for each month is determined by comparing precipitation for the period of data to be 
processed to the 30-year climatological record, selecting “wet” conditions if precipitation is in the upper 
30th-percentile, “dry” conditions if precipitation is in the lower 30th-percentile, and “average” conditions 
if precipitation is in the middle 40th-percentile.  The 30-year precipitation data set used in this modeling 
is taken from Farmington Regional Airport.  The modeling computer archive contains the 30 years of 
monthly precipitation data obtained from NCDC.  The 30-year period of record used to establish the 30-
year average monthly precipitation totals include 1981 through 2010. 
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Figure 6-2 Land Use Sectors for Navajo Met Tower 1 Within 1 Km of the Tower Location 
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The monthly designations of surface moisture input to AERSURFACE are summarized in Table 6-3.  
The wind rose for Navajo Met Tower 1 is shown in Figure 6-3. 

Table 6-3 AERSURFACE Bowen Ratio Condition Designations 

Month 2006 2007 2008 2009 2010 2011 

Jan - Average Wet Average Wet Dry 

Feb - Wet Average Average Wet Dry 

Mar - Wet Dry Average Average Average 

Apr Average Average Dry Average Average - 

May Dry Wet Average Wet Dry - 

Jun Average Average Average Wet Average - 

Jul Wet Average Dry Dry Average - 

Aug Dry Average Wet Dry Wet - 

Sep Wet Average Dry Dry Average - 

Oct Wet Dry Average Average Average - 

Nov Dry Dry Average Average Dry - 

Dec Wet Wet Wet Average Wet - 

6.2.2 Good Engineering Practice Stack Height Analysis (GEP) 
A Good Engineering Practice (GEP) stack height analysis (EPA 1985) was performed based on the 
current geometry of stacks and buildings at the FCPP to determine the potential for building-induced 
aerodynamic downwash for all modeled stacks.  The analysis procedures described in EPA’s 
Guidelines for Determination of Good Engineering Practice Stack Height (EPA 1985), Stack Height 
Regulations (40 CFR 51), and current Model Clearinghouse guidance was used. 

The GEP formula height is based on the observed phenomena of disturbed atmospheric flow in the 
immediate vicinity of a structure resulting in higher ground level concentrations at a closer proximity to 
the building than would otherwise occur.  It identifies the minimum stack height at which significant 
aerodynamic downwash is avoided.   

The GEP formula stack height, as defined in the 1985 final regulations, is calculated from: 

HGEP = HBLDG + 1.5L 

Where: 

• HGEP is the maximum GEP stack height 

• HBLDG is the height of the nearby structure, and 

• L is the lesser dimension (height or projected width) of the nearby structure 
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Figure 6-3 Wind Rose for Navajo Met Tower 1 
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For a squat structure, i.e., height less than projected width, the formula reduces to: 

HGEP = 2.5HB 

Both the height and width of the structure are determined from the frontal area of the structure 
projected onto a plane perpendicular to the direction of the wind.  In all instances, the GEP stack height 
is based on the plane projections of any nearby building which result in the greatest justifiable height.  
For purposes of the GEP analysis, nearby refers to the “sphere of influence”, defined as five times the 
height or width of the building, whichever is less, downwind from the trailing edge of the structure.  In 
the case where a stack is not influenced by nearby structures, the maximum GEP stack height is 
defined as 65 meters. 

The Units 4 and 5 dual-flue stack at the FCPP is greater than 65 meters, but is below the GEP formula 
stack height based on the formula shown above.  The auxiliary boiler, DSI silo, and urea silo stacks are 
below 65 meters.  As such, all stacks are modeled with their actual stack height.  In addition, the EPA’s 
Building Profile Input Program (BPIP-Version 04274) version that is appropriate for use with PRIME 
algorithms in AERMOD is used to incorporate downwash effects in the model for all modeled stacks.  
The building dimensions of each structure are input in BPIP-PRM program to determine direction 
specific building data.  PRIME addresses the entire structure of the wake, from the cavity immediately 
downwind of the building, to the far wake.  Figure 6-4 shows the buildings and stacks input to BPIP-
PRM and included in AERMOD. 

6.2.3 Receptor Grid and AERMAP Processing 
The receptor grid developed for the Project consists of the following levels in a Cartesian grid: 

• 100-meter spacing out to 2 kilometers; 

• 250-meter spacing out to 3 kilometers; 

• 500-meter spacing out to 5 kilometers; 

• 1000-meter spacing out to 10 kilometers; 

• 3000-meter spacing out to 30 kilometers; and 

• 5000-meter spacing out to 50 kilometers. 

In addition, receptors spaced at 50 meters were placed along the fenceline boundary (shown in Figure 
6-5) and were also placed at 100-meter spacing on the high-terrain Hogback Ridge in areas where the 
terrain elevations were equal to or greater than stack top (5660 ft/1724 m).  The receptor grid used in 
the modeling analysis is based on NAD 83 datum and in UTM Zone 12. 
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Figure 6-4 FCPP Buildings and Stacks Included in GEP Analysis 
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The extent of this grid was sufficient to capture maximum impacts near the FCPP.  To refine the levels 
of the peak predictions, 100-m spaced receptors were used to resolve the highest concentrations if the 
receptor spacing was more than 100 meters at the maximum impact locations.  Figures 6-5 and 6-6 
show the locations of the near- and far-field receptors. 

AERMAP (version 11103) (EPA 2011), the AERMOD terrain preprocessor program, was used to 
calculate terrain elevations and critical hill heights for the modeled receptors (NAD83 datum and 
Zone 12) using National Elevation Data (NED) (USGS 2012).  The dataset downloaded from the USGS 
website consists of 1 arc second (~30 m resolution) NED.  As per the AERMAP User’s Guide (EPA 
2004), the domain is sufficient to ensure that all significant nodes are included such that all terrain 
features that exceed a 10% elevation slope from any given receptor are considered. 

6.2.4 Source Parameters and Locations 

The sources included in this analysis are the increased emissions (i.e., the difference between baseline 
and projected future actual emissions) from the Units 4 and 5 dual-flue stack (modeled at 100% load), 
the recently permitted and installed auxiliary boiler, a new lime silo for DSI, a new urea silo (if the urea 
pellets option is selected) and increased vehicle traffic (using the worst case traffic for the 29% 
ammonia [NH3] option).  Source parameters are listed in Tables 6-4 and 6-5.  The locations are shown 
in Figure 6-4. Truck deliveries will occur between 7 am and 7 pm; therefore, the silo and roadway 
emissions are limited to these hours. 

Table 6-4 Road Source Parameters 

Road 
Sources 

X 
(m) 

Y 
(m) 

Base 
Elevation 

(m) 

PM
2.5

 
(g/s/volume) 

PM10 
(g/s/volume) 

# of 
Volumes 

Release 
Height 

(m) 

Sigma-
y 

(m) 

Sigma-
z  

(m) 

Entry Road Various 2.3E-05 9.3E-05 10 4.3 7.0 2.0 

DSI Road Various 7.1E-06 2.9E-05 36 4.3 7.0 2.0 

NH
3
 Road Various 1.6E-05 6.4E-05 9 4.3 7.0 2.0 

Table 6-5 Point Source Parameters 

Point 
Sources 

X  
(m) 

Y  
(m) 

Base 
Elevation  

(m) 

PM
2.5

 
Emissions 

(g/s)a 

PM
10

 
Emissions 

(g/s)a 

Stack 
Height 

(m) 

Stack 
Temp. 

(K) 
Velocity 

(m/s) 
Diameter 

(m) 

STACK4&5 725350 4063099 1629.3 6.6 5.9 115.8 327 20.60 12.28 

AUXBOIL 724946 4063358 1624.6 0.28 0.28 57.9 422 15.24 1.92 

DSI_SILO 725120 4063303 1624.6 0.011 0.011 24.4 Ambient Horizontal 0.24 

UREASILO 725185 4062786 1636.7 0.027 0.027 9.1 Ambient 16.26 0.39 

a. Emission calculations are presented in Appendix A 
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Figure 6-5 Near-field Receptor Locations 
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Figure 6-6 Far-field Receptor Grid 
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6.2.5 Class II Modeling Results 
A refined modeling analysis was conducted using AERMOD (version 12345) (EPA 2004, EPA 2012) in 
default mode to determine modeled impacts for the Project.  The analysis was conducted to 
demonstrate compliance with PSD increments as well as the NAAQS.  Recent guidance states that 
modeled impacts cannot be compared to the Significant lmpact Levels (SILs) if the background monitor 
values, when added to the SILs, exceed the NAAQS.  Table 6-6 shows the ambient monitor values for 
the most recent three years in comparison to the SILs and the NAAQS.  The PM10 and PM2.5 monitor is 
located at 3400 Messina Drive in Farmington, NM, approximately 30 kilometers northeast of the 
Project.  It is evident that the monitored values plus the SILs are well below the NAAQS, so the SILs 
may be used to obtain a waiver from cumulative modeling for this modeling application.  

Table 6-6 Comparison of Ambient Monitor Values to the SIL and NAAQS 

Pollutant Averaging 
Period Ranking Year 

Background 
Concentration 

(µg/m3) 

SIL  
(µg/m3) 

NAAQS 
(µg/m3) 

PM10 24-hour 

H2H 2010 19 

5 150 
H2H 2011 29 

H2H 2012 32 

3-year average 2010-2012 26.7 

PM2.5 

24-hour 

98th percentile 2010 18 

1.2 35 
98th percentile 2011 12.3 

98th percentile 2012 11 

3-year average 2010-2012 13.8 

Annual 

H 2010 4.8 

0.3 12 
H 2011 4.1 

H 2012 4.9 

3-year average 2010-2012 4.6 

The modeled concentrations for the SIL test were calculated as follows: 

• The short-term (24-hour) modeled concentration of PM10
 or PM2.5 was based on the receptor 

with the highest 5-year average of the maximum modeled 24-hour concentration. 
 

• The annual modeled concentration of PM10
 or PM2.5 was based on the receptor with the highest 

5-year average of the maximum modeled annual concentration. 

Table 6-7 summarizes the modeling impacts for 24-hour and annual PM2.5 and 24-hour PM10.  All 
modeled impacts are below the SILs.  The dispersion modeling files are included in Appendix C. 
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Table 6-7 Class II Modeling Results for Comparison to the SIL 

Pollutant 
Averaging  

Period 
Modeled Impact 

(µg/m³) 
SIL  

(µg/m³) 

PM10 
 24-hour 0.84a 5.0 

Annual 0.16 1.0 

PM2.5 
24-hour 0.91a 1.2 

Annual 0.16 0.3 

a. Modeled emissions reflect the increase (difference) from calculated baseline emissions to 
projected future actual emissions. For this Project, H2SO4 contributes relatively more to PM2.5 
emissions, leading to greater PM2.5 24-hour impacts than PM10.   

The table indicates that all of the peak modeled impacts are below their respective SILs.  Therefore, no 
further PSD Class II modeling is required. 

6.3 Class I Modeling Analyses 
PSD regulations require that facilities within 100 km of a PSD Class I area perform a modeling 
evaluation of the ambient air quality in terms of Class I PSD Increments and Air Quality Related Values 
(AQRVs).  However, since the BART analysis that led to the Project used Class I areas within 300 km 
(consistent with the July 6, 2005 BART Rule [EPA 2005b]), we have included impacts at the same 
Class I areas that were used in the BART regional haze analysis.  Figure 6-7 shows the location of the 
FCPP relative to all sixteen PSD Class I areas within 300 km of the FCPP.  The closest Class I area, 
Mesa Verde National Park (NP), is the only Class I area within 100 km of the FCPP and was the 
primary focus of the modeling results. 

Because all of the Class I areas are at least 50 km from the FCPP, the EPA-approved version of 
CALPUFF (v5.8) (Scire, et. al 2000) and CALPOST (v 5.6394) were applied to determine the 24-hour 
and annual PM2.5 and PM10 impact concentrations at the Class I areas. 

6.3.1 Meteorological Data 
The Western Regional Air Partnership (WRAP) New Mexico 4-km resolution meteorological data for 
years 2001-2003 were used in CALPUFF.  Figure 6-8 shows the extent of the 4-km WRAP domain for 
New Mexico CALMET domain.  This dataset was used (and approved by EPA Region 9) for BART 
modeling of FCPP in 2008.  The EPA BART Technical Support Document, available at 
http://federal.eregulations.us/rulemaking/document/EPA-R09-OAR-2010-0683-0002 (EPA 2010c), 
discusses the meteorological dataset in detail. 

6.3.2 Modeling Domain and Receptors 
The CALPUFF modeling was done using a smaller computational grid within the WRAP New Mexico 
domain, as shown in Figure 6-8, to minimize computation time and model output file size.  This domain 
encompasses sixteen Class I areas within 300 km of the source, plus a 50-km buffer around each 
Class I area and a 100-km buffer around the source to assure puffs recirculation.    

http://federal.eregulations.us/rulemaking/document/EPA-R09-OAR-2010-0683-0002�
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Figure 6-7 PSD Class I Areas within 300 km of FCPP 
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Figure 6-8 CALPUFF Computational Grid 

 



AECOM Environment 

 
60221977-460 October 2013 

6-19 

 

The receptors used for each of the Class I areas are based on the National Park Service database of 
Class I receptors.  For Grand Canyon and Maroon Bells Snowmass, only the receptors within the 
computational grid were included in CALPUFF modeling. 

6.3.3 Sources and Source Parameters 
Project impacts from Units 4, 5, and the recently installed auxiliary boiler due to PM10 and direct PM2.5 
were assessed for all sixteen Class I areas.  The silos were not included since impacts from these 
sources would be local.  Table 6-5 (above in Section 6.2.4) summarizes the emissions and stack 
parameters used in CALPUFF. 

6.3.4 PSD Class I Area Results 
The Class I modeling results for PM2.5 and PM10 are presented in Tables 6-8 and 6-9, respectively.  
The results indicate that the Project will be insignificant for both pollutants, except for PM2.5 24-hour 
concentration at Mesa Verde National Park.  Normally if the results indicate that the Project’s impacts 
are over the SIL, then a cumulative analysis of all PSD increment consuming sources is performed.  
However, since the PM2.5 SIL is relatively new (EPA 2010d), this Project would be the first one to 
trigger the PSD baseline for PM2.5 in this area.  Because there are no other PSD increment-consuming 
sources for PM2.5 in the area, the total impact would be below the Class I PSD increment. 

Moreover, if the sum of PM10, H2SO4, NOx and SO2 emissions (in tons) are less than 10 times the 
distance to the nearest Class I area, Mesa Verde National Park, (in kilometers), the analysis of AQRVs 
is not required (referred to as the “Q/D” screen).  The sum of PM10, H2SO4, NOx and SO2 Project 
emissions will be approximately 285 tons, resulting in a value of 5.7 for the Q/D screen.  Since the Q/D 
value is well below 10, an evaluation of AQRVs at the PSD Class I areas is not required for this Project. 

6.3.5 Additional Class I Area Analysis Requested by the Federal Land Manager 
As mentioned at the beginning of this Section, the NPS Federal Land Managers were consulted 
regarding the impact analyses to be performed for this Project.  Mr. John Notar of NPS (Notar 2013) 
requested an analysis of the benefits of the Project from reducing overall PM2.5 concentrations based 
upon both direct and secondary PM2.5 emissions, using CALPUFF.  Although the FCPP SCR Retrofit 
Project is estimated to have an increase in PM2.5/H2SO4 emissions due to the installation of SCR on 
Units 4 and 5, the shutdown of Units 1, 2 and 3 and the control of NOx emissions from Units 4 and 5 
will have a significant net reduction in overall PM2.5 from both direct and indirect emissions.   

Table 6-10 and Table 6-11 summarize the emissions and stack parameters used in this modeling 
analysis, respectively.  The emissions represent short-term emissions for the base case (Units 1 to 5) 
and future case (Units 1, 2 and 3 shut down, Units 4 and 5 and the auxiliary boiler operating).  For 
simplicity, the short-term emissions were used for modeling the short-term and annual averaging 
periods, and they serve as a conservative estimate for annual predictions.  
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Table 6-8 PM2.5 Class I Modeling Results for Comparison to the SIL 

Class I Area Averaging 
Period 

3-yr Average Max 
PM2.5 Concentration 

(µg/m³) 

Class I SIL 
(µg/m³) 

PSD Class I 
Increment 

(µg/m³) 
Arches NP 24-hour 0.021 0.07 2.0 
Bandelier WA 24-hour 0.018 0.07 2.0 
Black Canyon WA 24-hour 0.010 0.07 2.0 
Canyonlands NP 24-hour 0.039 0.07 2.0 
Capitol Reef NP 24-hour 0.023 0.07 2.0 
Grand Canyon NP 24-hour 0.010 0.07 2.0 
Great Sand Dunes NM 24-hour 0.008 0.07 2.0 
La Garita WA 24-hour 0.010 0.07 2.0 
Maroon Bells WA 24-hour 0.004 0.07 2.0 
Mesa Verde NP 24-hour 0.114 0.07 2.0 
Pecos WA 24-hour 0.014 0.07 2.0 
Petrified Forest NP 24-hour 0.012 0.07 2.0 
San Pedro Parks WA 24-hour 0.032 0.07 2.0 
Weminuche WA 24-hour 0.026 0.07 2.0 
West Elk WA 24-hour 0.007 0.07 2.0 
Wheeler Peak WA 24-hour 0.009 0.07 2.0 
Arches NP Annual 0.001 0.06 1.0 
Bandelier WA Annual 0.002 0.06 1.0 
Blk Canyon WA Annual 0.001 0.06 1.0 
Canyonlands NP Annual 0.002 0.06 1.0 
Capitol Reef NP Annual 0.001 0.06 1.0 
Grand Canyon NP Annual 0.000 0.06 1.0 
Great Sand Dunes NM Annual 0.001 0.06 1.0 
La Garita WA Annual 0.001 0.06 1.0 
Maroon Bells WA Annual 0.000 0.06 1.0 
Mesa Verde NP Annual 0.007 0.06 1.0 
Pecos WA Annual 0.001 0.06 1.0 
Petrified Forest NP Annual 0.000 0.06 1.0 
San Pedro Parks WA Annual 0.003 0.06 1.0 
Weminuche WA Annual 0.002 0.06 1.0 
West Elk WA Annual 0.001 0.06 1.0 
Wheeler Peak WA Annual 0.001 0.06 1.0 
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Table 6-9 PM10 Class I Modeling Results for Comparison to the SIL 

Class I Area Averaging 
Period 

3-yr Average 
Max PM10 

Concentration 
(µg/m³) 

Class I SIL 
(µg/m³) 

PSD Class I 
Increment 

(µg/m³) 

Arches NP 24-hour 0.019 0.32 8.0 
Bandelier WA 24-hour 0.016 0.32 8.0 
Black Canyon WA 24-hour 0.009 0.32 8.0 
Canyonlands NP 24-hour 0.034 0.32 8.0 
Capitol Reef NP 24-hour 0.021 0.32 8.0 
Grand Canyon NP 24-hour 0.009 0.32 8.0 
Great Sand Dunes NM 24-hour 0.007 0.32 8.0 
La Garita WA 24-hour 0.009 0.32 8.0 
Maroon Bells WA 24-hour 0.004 0.32 8.0 
Mesa Verde NP 24-hour 0.102 0.32 8.0 
Pecos WA 24-hour 0.012 0.32 8.0 
Petrified Forest NP 24-hour 0.011 0.32 8.0 
San Pedro Parks WA 24-hour 0.029 0.32 8.0 
Weminuche WA 24-hour 0.024 0.32 8.0 
West Elk WA 24-hour 0.007 0.32 8.0 
Wheeler Peak WA 24-hour 0.008 0.32 8.0 
Arches NP Annual 0.001 0.20 4.0 
Bandelier WA Annual 0.002 0.20 4.0 
Blk Canyon WA Annual 0.001 0.20 4.0 
Canyonlands NP Annual 0.002 0.20 4.0 
Capitol Reef NP Annual 0.000 0.20 4.0 
Grand Canyon NP Annual 0.000 0.20 4.0 
Great Sand Dunes NM Annual 0.000 0.20 4.0 
La Garita WA Annual 0.001 0.20 4.0 
Maroon Bells WA Annual 0.000 0.20 4.0 
Mesa Verde NP Annual 0.007 0.20 4.0 
Pecos WA Annual 0.001 0.20 4.0 
Petrified Forest NP Annual 0.000 0.20 4.0 
San Pedro Parks WA Annual 0.003 0.20 4.0 
Weminuche WA Annual 0.001 0.20 4.0 
West Elk WA Annual 0.000 0.20 4.0 
Wheeler Peak WA Annual 0.001 0.20 4.0 
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Table 6-10 Baseline and Future Emissions (lb/hr) of Direct and Secondary PM2.5  

Unit Case SO2 NOx SO4 
(1) 

Organic 
PM2.5 (2) 

PM2.5 
Filterable 

(3) 

Primary  
(non- 

Sulfate) 
PM2.5 (4) 

1 baseline 414.3 1,601.8 1.2 7.5 31.3 38.8 
2 baseline 487.1 1,266.5 1.2 7.5 47.5 54.9 
3 baseline 824.8 1,559.8 1.5 9.6 49.0 59.0 
4 baseline 1,276.2 3,563.2 2.1 29.6 52.0 81.7 
5 baseline 1,276.2 3,563.2 2.1 29.6 52.0 81.7 

Total baseline 4,278.5 11,554.5 8.1 83.8 231.9 316.1 

 4 future 1,276.2 726.3 31.6 29.6 58.9 88.6 
5 future 1,276.2 726.3 31.6 29.6 58.9 88.6 

Aux 
Boiler future 0.1 7.9 0.01 1.5 0.5 2.0 

Total future 2,552.5 1,460.5 63.2 60.8 118.4 179.2 

 Net  
Change 

 
1,726.0 10,094.1 -55.0 23.0 113.5 136.9 

 
(1) Condensable PM2.5 sulfate component. 
(2) Organic condensable PM2.5 component.  For pulverized coal-fired boilers with an FGD 

system, the total condensable organic PM2.5 emissions factor is 0.004 lb/MMBtu based on 
AP-42, Table 1.1-5.  For the auxiliary boiler, we assumed 75% of PM10 is condensable 
based on AP-42 and 90% of condensable is organic for low-sulfur fuel (natural gas). 
 

(3) For a dry bottom boiler fired with bituminous coal and equipped with a scrubber, fine 
filterable PM is 51% of filterable PM based on AP-42, Table 1.1-6.  For the auxiliary boiler, 
we assumed that filterable PM2.5 is 25% of total PM. 

(4) Primary (non-sulfate) PM2.5 are the sum of organic condensable and filterable PM2.5. 

 

Table 6-11 Modeled Source Parameters 

Unit 
Lambert X 

(km) 

Lambert Y 
(km) 

Stack 
Height 

(m) 

Base 
Elevation 

(m) 
Diameter 

(m) 
Velocity 

(m/s) Temp (K) 

1&2 -1016.2 -301.7 75.9 1625.5 6.47 20.73 323.15 
3 -1016.2 -301.8 76.2 1625.27 4.57 23.77 323.15 

4&5 -1015.87 -302.167 115.82 1631.29 12.28 20.60 327.0 
Aux Boiler -1016.23 -301.86 57.91 1624.89 1.93 15.24 422.0 
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This analysis utilized the same meteorological data, receptor data, and executables as was used in the 
FCPP PSD Class I modeling.  CALPUFF was run with the emissions of SO2, SO4, NOx, and non-
sulfate direct PM2.5.  The CALPUFF MESOPUFF II chemistry converts gaseous SO2 and NOx 
emissions to sulfates (SO4), nitric acid (HNO3) and nitrate (NO3) in the presence of sunlight, 
temperature, relative humidity, ozone, and ammonia.  Nitric acid combines with ammonia to form 
ammonium nitrate (NH4NO3) and sulfuric acid combines with ammonia to form ammonium sulfate 
(NH4)2SO4 or secondary particulates.  

A POSTUTIL program (Version 1.56), CALPUFF post-processor, was used to compute 
secondary particulates and total particulates (secondary plus direct).  In POSTUTIL, the 
secondary particulate concentrations at each receptor were multiplied by the appropriate molecular 
weight adjustment factors (1.38 for sulfate and 1.29 for nitrate) and then added to the primary 
particulate value to get the total particulate concentrations.    

A CALPOST program was used to compute the annual average and 24-hour high-eight highest or 98th 
percentile concentrations at each year and Class I area for the secondary, direct, and total particulate 
concentrations.   

Table 6-12 summarizes the 3-year average concentrations due to the baseline and Project emissions 
by specie.  Figure 6-9 and Figure 6-10 show the 3-year average 24-hour total PM2.5 concentrations.  
The results indicate that there is a significant reduction in overall PM2.5 from both direct and indirect 
emissions.  On average over all sixteen Class I areas, there is a 70% reduction in total PM2.5, 34% 
reduction in ammonium sulfate concentrations, 88% reduction in ammonium nitrate concentrations, 
and 44% reduction in direct particulate concentrations.   
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Table 6-12 Direct PM2.5, Secondary PM2.5, and Total PM2.5 Concentrations 
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Figure 6-9 PM2.5 Total 98th Percentile 24-hour Concentrations 
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Figure 6-10  PM2.5 Total Annual Average Concentrations 
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6.4 Additional Impact Analysis 
As discussed in Section 3.4.4, there are three additional impact analyses: 

1. Growth 

2. Soils and Vegetation Impacts 

3. Local Visibility Impairment 

6.4.1 Growth Analysis 
The growth analysis projects air pollutant emissions associated with industrial, commercial, and 
residential growth in direct support of the new source.  Residential growth includes housing for 
employees entering the region while industrial and commercial growth includes new sources providing 
goods and services to the new employees and to the proposed source. 

Rather than causing growth in the area, the Project will likely cause a decrease in employment and 
support services in the area due to the retirement of FCPP Units 1, 2 and 3, and the associated 
reduction in support staff for operation of those units.  Other than temporary installation of the SCR and 
ancillary systems, there will be very little change in the operational support needed to run Units 4 and 
5.  Therefore, APS does not expect increases in air pollution impacts due to growth of emissions 
related to the Project. 

6.4.2 Soils and Vegetation Impacts 
The San Juan River basin is located within the Colorado Plateau Major Land Resource Area 35 
(Natural Resources Conservation Service [NRCS] 2006), which encompasses western New Mexico, 
northern Arizona, and south-central Utah. The average annual precipitation ranges from 6 to 18 inches 
in most of this area.  About half of the precipitation falls from July through September.  The San Juan 
River basin in the part of this area in northwest New Mexico has the highest streamflow volume in the 
state, relying almost entirely on surface water (NRCS 2006). 

The soils of the San Juan River basin have been principally developed by weathering of the underlying 
parent material, including shale, sandstone, limestone, dolomite, and volcanic rock, as well as aeolian 
deposits, alluvium, and colluvium.  As a result of the arid climate, the soils are poorly developed, 
retaining many of the geochemical characteristics of the parent material, mainly volcanic in the 
mountains and late Paleozoic to recent sedimentary rocks in the valleys overlain by alluvium on 
floodplains and terraces. 

In order to define the soils, vegetation, and endangered species that may be affected by future FCPP 
emissions with the addition of SCRs, the area likely to be affected was delineated using dispersion and 
deposition modeling for the EIS that is being prepared concurrently with this PSD application. The 
CALPUFF model was applied within a 100-km radius of the FCPP to simulate dispersion and 
deposition of selected metals that are primary ecological risk drivers to estimate the contribution of 
future continuous full load operations of the FCPP units (4 and 5) for 25 years to surface soil 
concentrations in the region. The metals used for evaluation were derived from a study by EPRI (2011) 
which identified the metals from coal-fired power plants that typically contribute most to ecological risk 
(arsenic, cadmium, chromium, and mercury), in addition to antimony, lead, copper, and selenium 
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because the ecological toxicity of each has been widely studied. The predicted surface soil 
concentrations of the selected metals deposited on the soil were compared to the estimated existing 
soil concentrations derived from the PLUTO database for San Juan County, New Mexico (USGS 
2012). The future surface soil concentrations of each metal calculated to accumulate over 25 years 
were computed (based on CALPUFF modeling) and compared to the corresponding 95th percent upper 
confidence limit (95UCL) of the soil concentrations derived from the PLUTO data. The resulting 
Deposition Area, shown in Figure 6-11 was determined by delineating the area where the predicted 
future increase (after 25 years of future full load plant operations) in soil concentration of any of the 
metals is projected to be more than one percent of current concentrations. Beyond this area, the very 
small increase in soil concentration would be sufficiently low to be considered discountable15

Based on the Southwest Regional Gap Analysis Project (SWReGAP) (Lowry et. al 2005), five 
vegetation cover types account for approximately 80 percent of the Deposition Area, which is 
approximately 1,800 square km: Inter-Mountain Basins Semi-Desert Grassland (23%), Inter-Mountain 
Basins Mixed Salt Desert Scrub (20%), Colorado Plateau Mixed Bedrock Canyon and Tableland 
(13%), Agriculture (12%), and Inter-Mountain Basins Semi-Desert Shrub Steppe (10%). Dominant 
plant species within these cover types include a variety of grasses (galleta [Pleuraphis jamesii], Indian 
ricegrass [Stipa  hymenoides]), and shrubs (saltbush [Atriplex sp.], shadscale [Atriplex confertifolia], 
rabbitbrush [Chrysothamnus sp.]). 

. 

Over 300 birds and mammals have the potential to occur within the Deposition Area.  Based on the 
Habitat Model (AECOM 2013a) prepared in support of the EIS and Endangered Species Act (ESA) 
Section 7 consultation, federally listed species with potential habitat that may occur within the 
Deposition Area include the following two plants, three birds, and two fish: 

• Mesa Verde cactus (Sclerocactus mesae-verdae) 

• Mancos milk-vetch (Astragalus humillimus) 

• Mexican spotted owl (Strix occidentalis lucida) 

• Southwestern willow flycatcher (Empidonax traillii extimus),  

• Yellow-billed cuckoo (Coccyzus americanus) 

• Colorado pikeminnow (Ptychocheilus lucius) 

• Razorback sucker (Xyrauchen texanus) 

                                                      

15 Using a percentage of background as a threshold for deposited metals is consistent with the acidic 
deposition screening approach established by the Federal Land Manager’s Air Quality Related Values 
Work Group (FLAG 2011). Given that the FLAG Deposition Analysis Threshold is based on 2 percent 
of natural background rather than measured background, a one percent threshold of measured soil 
concentration was determined to be a conservative screening threshold. Any soil concentration with an 
accumulation of less than one percent of background under future conditions (25 years of 
accumulation) was determined to be discountable. 
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Figure 6-11  Deposition Area for the ESA Analysis
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It should be noted that the availability of suitable habitat does not necessarily indicate that the species 
is present. The only designated critical habitat for federally listed species within the Deposition Area is 
the Colorado pikeminnow and razorback sucker habitat in the San Juan River (59 Federal Register 
13399-13400 [FR DOC # 94-6508] March 21, 1994).. 

The soils within the Deposition Area are alkaline (most with a pH greater than 8.0), with low organic 
matter content (most less than 1%), and well-drained (less than 1% poorly drained). Typical soil depths 
range from shallow to deep (NRCS 2008a, 2008b, 2009). Soil acidity affects the chemical properties 
and leaching potential of metals because metals are less soluble in water as pH increases, making 
them less available for uptake by plants and animals.  

To predict the amount of acid deposition likely to result from 25 years of full load operations of Units 4 
and 5 with SCRs, AECOM used the same dispersion and deposition modeling that was applied to 
predict future metal deposition within the Deposition Area. After taking into account the total deposition 
of all acid-generating compounds (H2SO4, SO2, NOx, HCl, and hydrogen fluoride [HF]), the model 
predicted a maximum deposition of 0.0047 hydronium ion equivalents/m2.  

To determine whether the quantity of acid deposition coming from the FCPP would affect the pH of the 
soils within the Deposition Area, a comparison of the soil acid neutralizing capacity (ANC) to the 
maximum deposition amount was conducted. Using the lowest ANC from soil samples, collected in 
support of the ERA prepared for the EIS and ESA Section 7 consultation (AECOM 2013b), it was 
determined that acid deposition from the FCPP would utilize no more than 3 percent of the ANC of the 
soil with the lowest potential to buffer the acid.  It was concluded that the soil within the Deposition Area 
has the ability to accept much more acidic deposition than would be generated by FCPP emissions 
and would not be affected by Project emissions. Because the small amount of acid deposition in water 
bodies would be diluted by flowing water and deposition on plants would not accumulate over a long 
period of time, no adverse effects on soils, water bodies, animals and plants (including endangered 
species), or the ecosystem would result from Project-related emissions.   

Although an increase in PM emissions is projected, the future operations of Units 4 and 5 with SCRs 
will be well below both the primary and secondary NAAQS for PM10 and PM2.5. Because the air quality 
standards for PM10 and PM2.5 will not be exceeded during future operations of Units 4 and 5, it can be 
concluded that the PM emissions will not adversely affect the environment or the populations and 
habitat of listed species within the Deposition Area.   

Additional information regarding the ESA Analysis is provided in Appendix E. 

6.4.3 Local Visibility Impairment 
The local visibility impairment analysis addresses the potential for visible plumes to be present in the 
vicinity of FCPP both prior to and subsequent to the proposed Project.  This analysis was carried out 
as part of the EIS for the Four Corners Power Plant and Navajo Mine Energy Project.  The 
methodology followed Workbook for Plume Visual Impact Screening and Analysis (workbook) (EPA 
1992) and incorporated suggestions made by the National Park Service.  The screening assessment 
used EPA’s VISCREEN model to evaluate plume visibility parameters on sixteen vistas for existing and 
future emissions of four optically active pollutants (PM, NOx, elemental carbon and primary sulfate).  
VISCREEN computes two visual impact parameters, plume contrast and plume perceptibility. Plume 
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contrast is a measure of how dark or light a plume appears against the background sky or terrain.  The 
plume perceptibility parameter is considered a more complete indicator of plume visibility in that it 
evaluates how a person perceives differences in light intensity over the entire visible spectrum.  
Although there are no criteria upon which to base the acceptability of the modeled visibility parameters, 
the workbook provides guidance regarding visibility parameter thresholds above which a plume is likely 
to be discernible to a casual observer.  These thresholds have been used to evaluate the significance 
of changes in the modeled visibility associated with the Project. 

The proposed Project will result in a large reduction in PM and NOx.  The analysis incorporated 
meteorological data to identify the worst-case conditions for 16 vistas within 50 km.  The analysis, 
detailed in Appendix D (Plume Visibility Assessment for the Four Corners Power Plant and Navajo 
Mine Energy Project) indicates both prior to and after the proposed project, there will be times when a 
plume from FCPP is visible.  However, the reductions in emissions will result in a net improvement in 
plume visibility.  As shown in Table 6-13, the assessment of plume visibility from FCPP indicates that 
most (73% and 86% for plume contrast and perceptibility, respectively) of the vistas will experience a 
decrease in plume contrast, and for 13% of the vistas the plume will become imperceptible.  Although 
there is a small percentage of vistas where the emission reductions result in an increase in the visibility 
parameters, these increases are small such that there is no vista where the increase would be large 
enough to cause the plume to become visible.  In summary, the analysis indicates that there will be a 
substantial reduction in plume visibility associated with the proposed Project.    

Table 6-13 Local Plume Visibility Results (Percentage Vistas Affected) 

Change from Existing to Future FCPP Emissions Plume 
Contrast 

Plume 
Perceptibility 

Vistas with Improved Plume Visibility (1) 73% 86% 

Vistas with Significantly Improved Plume Visibility (2) 0% 13% 

Vistas with Degraded Plume Visibility (3) 24% 14% 

Vistas Significantly Degraded Plume Visibility (4) 0% 0% 

(1) Baseline visibility parameter > Future visibility parameter.  
(2) Baseline visibility parameter > perceptibility threshold and Future visibility parameter < 

threshold.  
(3) Future visibility parameter > Baseline visibility parameter.  
(4) Baseline visibility parameter < perceptibility threshold and Future visibility parameter > 

threshold.  
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Table A-1.1 Monthly Baseline Emissions

Month  Unit ID SO2 Rate
 lb/MMBtu

SO2
tons

 NOx Rate
 lb/MMBtu

NOx
tons

PM
lb/MMBtu

PM
tons

PM10
lb/MMBtu

PM10
tons

PM2.5
lb/MMBtu

PM2.5
tons

H2SO4 
Mist

lb/MMBtu

H2SO4 
Mist
tons

CO
lb/MMBtu

CO
tons

VOCs
lb/MMBtu

VOCs
tons

Lead
lb/MMBtu

Lead
tons

GHGs
lb 

CO2e/MMBt
u

GHGs
tons CO2e

 CO2
tons

 Heat Input 
MMBtu

January-10 Unit 4 0.1848      144.10    0.445        379.35     0.0070       5.46   0.0107      8.37    0.0080       6.24     0.0003      0.23      0.030        23.15     1.19E-04 0.0928       2.36E-06 0.0018     206.6           161,105      159,812      1,559,614       
February-10 Unit 4 0.00 0.00 0.0070       0.00 0.0107      0.00 0.0080       0.00 0.0003      0.00 0.030        0.00 1.19E-04 0.00 2.36E-06 0.00 0.00 0.00 0.00

March-10 Unit 4 0.00 0.00 0.0070       0.00 0.0107      0.00 0.0080       0.00 0.0003      0.00 0.030        0.00 1.19E-04 0.00 2.36E-06 0.00 0.00 0.00 0.00
April-10 Unit 4 0.2654      203.75    0.306        293.61     0.0070       5.37   0.0107      8.24    0.0080       6.14     0.0003      0.22      0.030        22.79 1.19E-04 0.0913       2.36E-06 0.0018     206.9           158,791      157,518      1,535,210       
May-10 Unit 4 0.1478      341.48    0.458        1,068.94  0.0070       16.17  0.0107      24.79  0.0080       18.48   0.0003      0.67      0.030        68.60 1.19E-04 0.2749       2.36E-06 0.0055     206.9           477,955      474,125      4,620,786       
June-10 Unit 4 0.1668      378.63    0.472        1,084.01  0.0070       15.89  0.0107      24.36  0.0080       18.16   0.0003      0.66      0.030        67.41 1.19E-04 0.2702       2.36E-06 0.0054     206.8           469,573      465,810      4,541,048       
July-10 Unit 4 0.1722      301.27    0.461        842.04     0.0070       12.24  0.0107      18.77  0.0080       13.99   0.0003      0.51      0.030        51.93 1.19E-04 0.2081       2.36E-06 0.0041     206.9           361,796      358,897      3,498,104       

August-10 Unit 4 0.1501      217.88    0.443        699.18     0.0070       10.16  0.0107      15.58  0.0080       11.61   0.0003      0.42      0.030        43.11 1.19E-04 0.1728       2.36E-06 0.0034     206.7           300,060      297,653      2,903,747       
September-10 Unit 4 0.1417      341.70    0.487        1,177.84  0.0070       16.88  0.0107      25.87  0.0080       19.29   0.0003      0.70      0.030        71.58 1.19E-04 0.2869       2.36E-06 0.0057     207.0           498,991      494,995      4,821,725       

October-10 Unit 4 0.1535      362.08    0.472        1,119.62  0.0070       16.51  0.0107      25.31  0.0080       18.87   0.0003      0.68      0.030        70.04 1.19E-04 0.2807       2.36E-06 0.0056     206.9           488,064      484,155      4,717,870       
November-10 Unit 4 0.2209      485.94    0.504        1,133.55  0.0070       15.40  0.0107      23.60  0.0080       17.60   0.0003      0.64      0.030        65.31 1.19E-04 0.2618       2.36E-06 0.0052     206.7           454,600      450,954      4,399,453       
December-10 Unit 4 0.2290      315.90    0.429        631.11     0.0070       9.66   0.0107      14.80  0.0080       11.04   0.0003      0.40      0.030        40.96 1.19E-04 0.1642       2.36E-06 0.0033     206.8           285,324      283,037      2,759,319       

January-11 Unit 4 0.1890      455.36    0.496        1,204.26  0.0110       26.50  0.0144      34.72  0.0101       24.38   0.0003      0.70      0.030        71.54 1.19E-04 0.2867       2.36E-06 0.0057     206.6           497,874      493,881      4,818,978       
February-11 Unit 4 0.1853      363.68    0.452        921.03     0.0110       21.59  0.0144      28.29  0.0101       19.87   0.0003      0.57      0.030        58.28 1.19E-04 0.2336       2.36E-06 0.0046     206.9           406,054      402,801      3,926,055       

March-11 Unit 4 0.1675      354.79    0.463        993.87     0.0110       23.30  0.0144      30.53  0.0101       21.44   0.0003      0.61      0.030        62.90 1.19E-04 0.2521       2.36E-06 0.0050     206.8           438,004      434,493      4,236,866       
April-11 Unit 4 0.1877      442.93    0.481        1,138.34  0.0110       25.96  0.0144      34.01  0.0101       23.88   0.0003      0.68      0.030        70.07 1.19E-04 0.2808       2.36E-06 0.0056     206.5           487,453      483,541      4,720,085       
May-11 Unit 4 0.1565      376.89    0.486        1,178.20  0.0110       26.48  0.0144      34.69  0.0101       24.37   0.0003      0.70      0.030        71.49 1.19E-04 0.2865       2.36E-06 0.0057     206.6           497,333      493,343      4,815,280       
June-11 Unit 4 0.1544      360.04    0.498        1,172.06  0.0110       25.66  0.0144      33.61  0.0101       23.61   0.0003      0.68      0.030        69.26 1.19E-04 0.2776       2.36E-06 0.0055     206.8           482,383      478,517      4,665,251       
July-11 Unit 4 0.1563      392.94    0.510        1,288.24  0.0110       27.66  0.0144      36.23  0.0101       25.44   0.0003      0.73      0.030        74.65 1.19E-04 0.2992       2.36E-06 0.0059     206.6           519,432      515,265      5,028,511       

August-11 Unit 4 0.1557      345.56    0.474        1,094.55  0.0110       24.41  0.0144      31.98  0.0101       22.46   0.0003      0.64      0.030        65.89 1.19E-04 0.2641       2.36E-06 0.0052     206.8           459,015      455,336      4,438,588       
September-11 Unit 4 0.1492      317.95    0.456        987.89     0.0110       23.44  0.0144      30.71  0.0101       21.57   0.0003      0.62      0.030        63.27 1.19E-04 0.2536       2.36E-06 0.0050     206.9           440,975      437,443      4,262,185       

October-11 Unit 4 0.1866      149.75    0.471        395.98     0.0110       8.83   0.0144      11.57  0.0101       8.12     0.0003      0.23      0.030        23.83 1.19E-04 0.0955       2.36E-06 0.0019     206.8           165,996      164,666      1,605,241       
November-11 Unit 4 0.2083      102.72    0.372        205.29     0.0110       5.43   0.0144      7.11    0.0101       4.99     0.0003      0.14      0.030        14.64 1.19E-04 0.0587       2.36E-06 0.0012     207.1           102,130      101,313      986,383          
December-11 Unit 4 0.1643      403.49    0.445        1,092.24  0.0110       27.02  0.0144      35.40  0.0101       24.86   0.0003      0.71      0.030        72.93 1.19E-04 0.2923       2.36E-06 0.0058     207.0           508,393      504,321      4,912,582       

January-12 Unit 4 0.1759      418.09    0.461        1,099.05  0.0260       61.79  0.0282      67.04  0.0181       42.94   0.0003      0.69      0.030        70.56 1.19E-04 0.2828       2.36E-06 0.0056     206.7           491,306      487,367      4,752,868       
February-12 Unit 4 0.1850      413.10    0.464        1,039.45  0.0260       58.06  0.0282      63.00  0.0181       40.35   0.0003      0.65      0.030        66.31 1.19E-04 0.2658       2.36E-06 0.0053     206.9           462,088      458,387      4,466,424       

March-12 Unit 4 0.1688      276.63    0.421        732.40     0.0260       42.60  0.0282      46.23  0.0181       29.61   0.0003      0.48      0.030        48.65 1.19E-04 0.1950       2.36E-06 0.0039     206.8           338,813      336,097      3,277,307       
April-12 Unit 4 0.1446      182.69    0.450        598.36     0.0260       32.85  0.0282      35.65  0.0181       22.83   0.0003      0.37      0.030        37.52 1.19E-04 0.1504       2.36E-06 0.0030     206.9           261,495      259,400      2,527,269       
May-12 Unit 4 0.1276      196.39    0.479        779.95     0.0260       40.02  0.0282      43.42  0.0181       27.81   0.0003      0.45      0.030        45.70 1.19E-04 0.1831       2.36E-06 0.0036     206.8           318,343      315,792      3,078,124       
June-12 Unit 4 0.1142      225.12    0.501        1,016.08  0.0260       51.25  0.0282      55.61  0.0181       35.62   0.0003      0.57      0.030        58.53 1.19E-04 0.2346       2.36E-06 0.0047     206.9           407,899      404,632      3,942,563       
July-12 Unit 4 0.1215      234.25    0.456        922.65     0.0260       50.13  0.0282      54.39  0.0181       34.84   0.0003      0.56      0.030        57.25 1.19E-04 0.2295       2.36E-06 0.0046     206.8           398,777      395,581      3,856,303       

August-12 Unit 4 0.1131      175.75    0.491        820.87     0.0260       40.41  0.0282      43.84  0.0181       28.08   0.0003      0.45      0.030        46.14 1.19E-04 0.1849       2.36E-06 0.0037     206.9           321,484      318,908      3,108,086       
September-12 Unit 4 0.1216      310.37    0.540        1,382.27  0.0260       66.38  0.0282      72.02  0.0181       46.13   0.0003      0.74      0.030        75.80 1.19E-04 0.3038       2.36E-06 0.0060     206.7           527,718      523,487      5,106,082       

October-12 Unit 4 0.1384      367.72    0.533        1,421.44  0.0260       69.10  0.0282      74.98  0.0181       48.03   0.0003      0.77      0.030        78.92 1.19E-04 0.3163       2.36E-06 0.0063     206.4           548,626      544,221      5,315,754       
November-12 Unit 4 0.1537      337.98    0.551        1,236.07  0.0260       57.16  0.0282      62.02  0.0181       39.73   0.0003      0.64      0.030        65.28 1.19E-04 0.2616       2.36E-06 0.0052     206.7           454,485      450,841      4,397,283       
December-12 Unit 4 0.1858      468.80    0.540        1,366.60  0.0260       65.60  0.0282      71.18  0.0181       45.59   0.0003      0.73      0.030        74.91 1.19E-04 0.3002       2.36E-06 0.0060     206.8           521,851      517,669      5,046,099       

January-13 Unit 4 0.1833      439.56    0.522        1,265.77  0.0040       9.59   0.0080      19.11  0.0064       15.37   0.0003      0.70      0.030        71.20 1.19E-04 0.2854       2.36E-06 0.0057     206.9           496,115      492,140      4,796,076       
February-13 Unit 4 0.1639      291.84    0.552        1,018.10  0.0040       7.12   0.0080      14.19  0.0064       11.41   0.0003      0.52      0.030        52.87 1.19E-04 0.2119       2.36E-06 0.0042     207.0           368,571      365,619      3,561,508       

March-13 Unit 4 0.1438      299.55    0.512        1,103.14  0.0040       8.33   0.0080      16.60  0.0064       13.35   0.0003      0.60      0.030        61.83 1.19E-04 0.2478       2.36E-06 0.0049     206.9           430,938      427,487      4,165,091       
April-13 Unit 4 0.1225      79.66      0.465        305.60     0.0040       2.60   0.0080      5.18    0.0064       4.17     0.0003      0.19      0.030        19.31 1.19E-04 0.0774       2.36E-06 0.0015     206.8           134,492      133,414      1,300,528       
May-13 Unit 4 0.1753      255.52    0.461        747.39     0.0040       5.83   0.0080      11.62  0.0064       9.34     0.0003      0.42      0.030        43.27 1.19E-04 0.1734       2.36E-06 0.0034     206.8           301,391      298,975      2,914,866       
June-13 Unit 4 0.1471      347.03    0.518        1,236.89  0.0040       9.44   0.0080      18.80  0.0064       15.12   0.0003      0.68      0.030        70.05 1.19E-04 0.2808       2.36E-06 0.0056     207.0           488,421      484,510      4,718,818       
July-13 Unit 4 0.1241      229.01    0.492        947.63     0.0040       7.38   0.0080      14.70  0.0064       11.83   0.0003      0.54      0.030        54.78 1.19E-04 0.2195       2.36E-06 0.0044     206.8           381,567      378,509      3,689,821       

August-13 Unit 4 0.1275      308.93    0.497        1,210.29  0.0040       9.69   0.0080      19.31  0.0064       15.53   0.0003      0.70      0.030        71.92 1.19E-04 0.2882       2.36E-06 0.0057     206.7           500,706      496,691      4,844,520       
September-13 Unit 4 0.1480      236.36    0.522        853.35     0.0040       6.39   0.0080      12.73  0.0064       10.24   0.0003      0.46      0.030        47.42 1.19E-04 0.1901       2.36E-06 0.0038     206.9           330,480      327,833      3,194,475       

October-13 Unit 4 0.1551      280.62    0.548        1,017.72  0.0040       7.24   0.0080      14.42  0.0064       11.60   0.0003      0.52      0.030        53.73 1.19E-04 0.2154       2.36E-06 0.0043     206.8           374,226      371,227      3,619,423       
November-13 Unit 4 0.1435      327.44    0.528        1,213.18  0.0040       9.13   0.0080      18.19  0.0064       14.63   0.0003      0.66      0.030        67.77 1.19E-04 0.2716       2.36E-06 0.0054     206.8           471,927      468,144      4,564,807       
December-13 Unit 4 0.1869      221.05    0.512        645.35     0.0040       4.73   0.0080      9.43    0.0064       7.58     0.0003      0.34      0.030        35.13 1.19E-04 0.1408       2.36E-06 0.0028     206.9           244,801      242,841      2,366,028       

January-10 Unit 5 0.1901      510.56    0.481        1,292.90  0.0080       21.49  0.0117      31.29  0.0085       22.91   0.0003      0.78      0.030        79.75 1.19E-04 0.3196       2.36E-06 0.0063     206.7           555,096      550,644      5,371,675       
February-10 Unit 5 0.1825      432.94    0.503        1,192.64  0.0080       18.98  0.0117      27.63  0.0085       20.23   0.0003      0.69      0.030        70.43 1.19E-04 0.2823       2.36E-06 0.0056     206.6           490,119      486,188      4,743,915       

March-10 Unit 5 0.1672      441.88    0.488        1,291.27  0.0080       21.15  0.0117      30.79  0.0085       22.55   0.0003      0.77      0.030        78.48 1.19E-04 0.3145       2.36E-06 0.0062     206.7           546,470      542,089      5,286,548       
April-10 Unit 5 0.1804      449.87    0.480        1,221.96  0.0080       19.95  0.0117      29.06  0.0085       21.28   0.0003      0.72      0.030        74.05 1.19E-04 0.2968       2.36E-06 0.0059     206.7           515,563      511,429      4,988,314       
May-10 Unit 5 0.1618      428.76    0.489        1,298.30  0.0080       21.20  0.0117      30.87  0.0085       22.60   0.0003      0.77      0.030        78.67 1.19E-04 0.3153       2.36E-06 0.0063     206.7           547,825      543,434      5,299,405       
June-10 Unit 5 0.1857      287.06    0.471        772.95     0.0080       12.36  0.0117      18.01  0.0085       13.18   0.0003      0.45      0.030        45.89 1.19E-04 0.1839       2.36E-06 0.0036     206.9           319,735      317,173      3,091,132       
July-10 Unit 5 0.1680      364.43    0.518        1,143.21  0.0080       17.35  0.0117      25.27  0.0085       18.50   0.0003      0.63      0.030        64.39 1.19E-04 0.2581       2.36E-06 0.0051     206.8           448,462      444,867      4,337,411       

August-10 Unit 5 0.1366      268.06    0.501        988.14     0.0080       15.70  0.0117      22.86  0.0085       16.74   0.0003      0.57      0.030        58.25 1.19E-04 0.2335       2.36E-06 0.0046     207.0           406,147      402,895      3,923,978       
September-10 Unit 5 0.1473      347.36    0.494        1,193.65  0.0080       18.86  0.0117      27.47  0.0085       20.11   0.0003      0.68      0.030        70.01 1.19E-04 0.2806       2.36E-06 0.0056     206.7           487,276      483,368      4,715,560       

October-10 Unit 5 0.1708      432.56    0.505        1,285.85  0.0080       20.25  0.0117      29.50  0.0085       21.60   0.0003      0.73      0.030        75.17 1.19E-04 0.3013       2.36E-06 0.0060     206.8           523,600      519,404      5,063,590       
November-10 Unit 5 0.2370      596.15    0.530        1,335.46  0.0080       20.12  0.0117      29.30  0.0085       21.46   0.0003      0.73      0.030        74.68 1.19E-04 0.2993       2.36E-06 0.0059     206.6           519,740      515,571      5,030,752       
December-10 Unit 5 0.2197      476.56    0.490        1,090.30  0.0080       17.35  0.0117      25.27  0.0085       18.50   0.0003      0.63      0.030        64.41 1.19E-04 0.2581       2.36E-06 0.0051     206.5           447,887      444,291      4,338,387       

January-11 Unit 5 0.2615      571.18    0.472        1,077.50  0.0100       21.84  0.0135      29.47  0.0096       20.95   0.0003      0.63      0.030        64.86 1.19E-04 0.2599       2.36E-06 0.0052     207.1           452,326      448,705      4,368,754       
February-11 Unit 5 0.2430      540.97    0.470        1,052.13  0.0100       22.26  0.0135      30.03  0.0096       21.35   0.0003      0.65      0.030        66.10 1.19E-04 0.2649       2.36E-06 0.0053     207.1           460,985      457,295      4,452,798       

March-11 Unit 5 0.2039      432.69    0.440        967.57     0.0100       21.22  0.0135      28.62  0.0096       20.35   0.0003      0.62      0.030        62.99 1.19E-04 0.2525       2.36E-06 0.0050     207.1           439,421      435,904      4,243,254       
April-11 Unit 5 0.2460      127.66    0.460        242.51     0.0100       5.19   0.0135      7.00    0.0096       4.98     0.0003      0.15      0.030        15.41 1.19E-04 0.0618       2.36E-06 0.0012     207.0           107,432      106,571      1,038,010       
May-11 Unit 5 0.2125      186.38    0.382        393.31     0.0100       8.77   0.0135      11.83  0.0096       8.41     0.0003      0.25      0.030        26.04 1.19E-04 0.1044       2.36E-06 0.0021     206.8           181,395      179,942      1,754,094       
June-11 Unit 5 0.1737      356.92    0.455        971.58     0.0100       20.55  0.0135      27.73  0.0096       19.71   0.0003      0.60      0.030        61.02 1.19E-04 0.2446       2.36E-06 0.0049     206.8           425,087      421,680      4,110,498       
July-11 Unit 5 0.1364      316.03    0.484        1,151.45  0.0100       23.16  0.0135      31.25  0.0096       22.21   0.0003      0.67      0.030        68.78 1.19E-04 0.2757       2.36E-06 0.0055     206.8           479,119      475,279      4,632,886       

August-11 Unit 5 0.1207      183.45    0.477        757.43     0.0100       15.19  0.0135      20.50  0.0096       14.57   0.0003      0.44      0.030        45.11 1.19E-04 0.1808       2.36E-06 0.0036     206.8           314,208      311,690      3,038,607       
September-11 Unit 5 0.1452      351.51    0.504        1,239.08  0.0100       24.21  0.0135      32.66  0.0096       23.22   0.0003      0.70      0.030        71.88 1.19E-04 0.2881       2.36E-06 0.0057     206.8           500,664      496,651      4,841,997       

October-11 Unit 5 0.2062      509.16    0.508        1,257.37  0.0100       24.69  0.0135      33.31  0.0096       23.68   0.0003      0.72      0.030        73.32 1.19E-04 0.2939       2.36E-06 0.0058     206.9           510,950      506,857      4,938,771       
November-11 Unit 5 0.2189      547.63    0.514        1,286.26  0.0100       25.02  0.0135      33.75  0.0096       23.99   0.0003      0.73      0.030        74.28 1.19E-04 0.2977       2.36E-06 0.0059     206.6           516,928      512,781      5,003,720       
December-11 Unit 5 0.2282      580.67    0.522        1,328.99  0.0100       25.44  0.0135      34.32  0.0096       24.40   0.0003      0.74      0.030        75.54 1.19E-04 0.3028       2.36E-06 0.0060     207.0           526,588      522,371      5,088,454       

January-12 Unit 5 0.2235      577.32    0.518        1,339.21  0.0060       15.50  0.0098      25.34  0.0075       19.30   0.0003      0.75      0.030        76.70 1.19E-04 0.3074       2.36E-06 0.0061     206.8           534,207      529,926      5,166,560       
February-12 Unit 5 0.2213      527.71    0.498        1,189.91  0.0060       14.31  0.0098      23.39  0.0075       17.81   0.0003      0.69      0.030        70.79 1.19E-04 0.2837       2.36E-06 0.0056     207.1           493,911      489,959      4,768,715       

March-12 Unit 5 0.2142      443.34    0.479        1,026.49  0.0060       12.42  0.0098      20.30  0.0075       15.46   0.0003      0.60      0.030        61.45 1.19E-04 0.2463       2.36E-06 0.0049     207.1           428,613      425,182      4,139,506       
April-12 Unit 5 0.2052      237.62    0.479        566.12     0.0060       6.95   0.0098      11.36  0.0075       8.65     0.0003      0.34      0.030        34.37 1.19E-04 0.1378       2.36E-06 0.0027     207.1           239,733      237,814      2,315,397       
May-12 Unit 5 0.1773      254.49    0.427        631.29     0.0060       8.61   0.0098      14.08  0.0075       10.72   0.0003      0.42      0.030        42.62 1.19E-04 0.1708       2.36E-06 0.0034     206.9           296,972      294,593      2,870,813       
June-12 Unit 5 0.1479      295.04    0.457        927.83     0.0060       11.97  0.0098      19.57  0.0075       14.90   0.0003      0.58      0.030        59.24 1.19E-04 0.2374       2.36E-06 0.0047     206.8           412,579      409,272      3,990,395       
July-12 Unit 5 0.1192      307.53    0.475        1,233.96  0.0060       15.48  0.0098      25.30  0.0075       19.27   0.0003      0.75      0.030        76.59 1.19E-04 0.3070       2.36E-06 0.0061     206.7           533,304      529,029      5,158,952       

August-12 Unit 5 0.1225      274.15    0.481        1,098.17  0.0060       13.42  0.0098      21.95  0.0075       16.71   0.0003      0.65      0.030        66.43 1.19E-04 0.2662       2.36E-06 0.0053     206.8           462,645      458,937      4,474,533       
September-12 Unit 5 0.1384      338.74    0.497        1,230.92  0.0060       14.69  0.0098      24.01  0.0075       18.28   0.0003      0.71      0.030        72.67 1.19E-04 0.2913       2.36E-06 0.0058     206.8           506,086      502,029      4,895,140       

October-12 Unit 5 0.1746      459.17    0.520        1,372.25  0.0060       15.78  0.0098      25.80  0.0075       19.65   0.0003      0.76      0.030        78.09 1.19E-04 0.3130       2.36E-06 0.0062     207.0           544,583      540,224      5,260,406       
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Table A-1.1 Monthly Baseline Emissions

Month  Unit ID SO2 Rate
 lb/MMBtu

SO2
tons

 NOx Rate
 lb/MMBtu

NOx
tons

PM
lb/MMBtu

PM
tons

PM10
lb/MMBtu

PM10
tons

PM2.5
lb/MMBtu

PM2.5
tons

H2SO4 
Mist

lb/MMBtu

H2SO4 
Mist
tons

CO
lb/MMBtu

CO
tons

VOCs
lb/MMBtu

VOCs
tons

Lead
lb/MMBtu

Lead
tons

GHGs
lb 

CO2e/MMBt
u

GHGs
tons CO2e

 CO2
tons

 Heat Input 
MMBtu

November-12 Unit 5 0.1991      413.35    0.485        1,023.64  0.0060       12.46  0.0098      20.37  0.0075       15.51   0.0003      0.60      0.030        61.64 1.19E-04 0.2471       2.36E-06 0.0049     207.0           429,816      426,375      4,152,108       
December-12 Unit 5 0.1909      240.79    0.460        606.33     0.0060       7.57   0.0098      12.37  0.0075       9.42     0.0003      0.37      0.030        37.44 1.19E-04 0.1501       2.36E-06 0.0030     206.8           260,790      258,699      2,522,078       

January-13 Unit 5 0.2218      527.81    0.461        1,117.90  0.0040       9.52   0.0080      18.96  0.0064       15.25   0.0003      0.69      0.030        70.64 1.19E-04 0.2831       2.36E-06 0.0056     207.0           492,487      488,543      4,758,392       
February-13 Unit 5 0.2351      364.70    0.457        723.95     0.0040       6.20   0.0080      12.36  0.0064       9.94     0.0003      0.45      0.030        46.06 1.19E-04 0.1846       2.36E-06 0.0037     206.9           320,896      318,325      3,102,447       

March-13 Unit 5 0.2069      413.48    0.476        972.50     0.0040       8.00   0.0080      15.93  0.0064       12.81   0.0003      0.58      0.030        59.35 1.19E-04 0.2379       2.36E-06 0.0047     206.7           413,260      409,947      3,997,684       
April-13 Unit 5 0.1911      324.97    0.511        912.12     0.0040       6.80   0.0080      13.55  0.0064       10.90   0.0003      0.49      0.030        50.49 1.19E-04 0.2024       2.36E-06 0.0040     206.9           351,893      349,075      3,400,890       
May-13 Unit 5 0.2035      364.28    0.483        898.05     0.0040       7.16   0.0080      14.27  0.0064       11.47   0.0003      0.52      0.030        53.15 1.19E-04 0.2130       2.36E-06 0.0042     207.0           370,430      367,463      3,579,894       
June-13 Unit 5 0.1381      249.35    0.526        983.57     0.0040       7.22   0.0080      14.39  0.0064       11.58   0.0003      0.52      0.030        53.62 1.19E-04 0.2149       2.36E-06 0.0043     206.8           373,509      370,515      3,611,634       
July-13 Unit 5 0.1299      192.02    0.514        791.24     0.0040       5.91   0.0080      11.78  0.0064       9.47     0.0003      0.43      0.030        43.88 1.19E-04 0.1759       2.36E-06 0.0035     207.0           305,923      303,473      2,955,782       

August-13 Unit 5 0.1284      284.34    0.481        1,082.33  0.0040       8.86   0.0080      17.64  0.0064       14.19   0.0003      0.64      0.030        65.73 1.19E-04 0.2634       2.36E-06 0.0052     206.7           457,500      453,831      4,427,704       
September-13 Unit 5 0.1515      235.98    0.478        767.80     0.0040       6.23   0.0080      12.41  0.0064       9.98     0.0003      0.45      0.030        46.24 1.19E-04 0.1853       2.36E-06 0.0037     206.6           321,769      319,188      3,114,408       

October-13 Unit 5 0.2097      463.57    0.508        1,139.72  0.0040       8.84   0.0080      17.62  0.0064       14.17   0.0003      0.64      0.030        65.64 1.19E-04 0.2631       2.36E-06 0.0052     206.9           457,415      453,751      4,421,401       
November-13 Unit 5 0.1862      393.72    0.533        1,129.19  0.0040       8.46   0.0080      16.85  0.0064       13.55   0.0003      0.61      0.030        62.77 1.19E-04 0.2516       2.36E-06 0.0050     206.9           437,422      433,919      4,227,961       
December-13 Unit 5 0.1819      97.35      0.504        272.43     0.004         2.14   0.0080      4.27    0.0064       3.43     0.0003      0.16      0.030        15.89 1.19E-04 0.0637       2.36E-06 0.0013     206.7           110,645      109,758      1,070,415       

Emission Basis and/or Emission Factors
SO2, lb/MMBtu Calculated from SO2 (tons) and heat input (MMBtu)
SO2, tons CEMS, EPA Air Markets Program Data
NOx, lb/MMBtu CEMS, EPA Air Markets Program Data
NOx, tons CEMS, EPA Air Markets Program Data
PM, lb/MMBtu Annual stack testing, see below
PM, tons PM (lb/MMBtu) and heat input (MMBtu)

92% of filterable PM, AP-42 Table 1.1-5
+PM10 condensable inorgnaics (sulfuric acid mist)
+PM10 condensable organics (20% of 0.02 lb/MMBtu based on AP-42 Table 1.1-5
53% of filterable PM, AP-42 Table 1.1-5
+PM2.5 condensable inorgnaics (sulfuric acid mist)
+PM2.5 condensable organics (20% of 0.02 lb/MMBtu based on AP-42 Table 1.1-5

Sulfuric acid mist, lb/MMBtu 0.00029 lb/MMbtu based on 2011 stack test
CO, lb/MMBtu 0.5 lb/ton of coal based on AP-42 Table 1.4 and 8,420 Btu/lb of coal
VOCs, lb/MMBtu 0.000119 lb/MMBtu based on EPRI Emission Factor Handbook
Lead, lb/MMBtu 2.36E-06 lb/MMBtu based on EPRI Emission Factor Handbook

GHGs, lb CO2e/MMBtu

CO2, tons CEMS, EPA Air Markets Program Data
Heat Input, MMBtu CEMS, EPA Air Markets Program Data

PM, lb/MMBtu Unit 4 Unit 5
2010 0.0070 0.0080
2011 0.0110 0.0100
2012 0.0260 0.0060
2013 0.0040 0.0040

PM10, lb/MMBtu

PM2.5, lb/MMBtu

CO2 plus CH4 at 0.0243 lb/MMBtu x 25 plus N2O at 0.00353 lb/MMBtu x 398 plus CO2 
based on EPA's GHG Mandatory Reporting Rule
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Heat Input SO2 NOx PM PM10 PM2.5 H2SO4 
Mist

CO VOCs Lead GHGs  CO2

MMBtu/yr tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr
June-12 95,866,844      8,664        23,492      525.3      688.9      484.1     13.90       1,423      5.70          0.113      9,914,023         9,834,576   
July-12 96,456,714      8,602        23,577      543.3      706.8      494.9     13.99       1,432      5.74          0.114      9,974,935         9,894,999   

August-12 96,834,161      8,584        23,693      557.3      720.5      503.1     14.04       1,438      5.76          0.114      10,013,896       9,933,647   
September-12 97,066,130      8,564        23,814      580.0      741.8      515.6     14.07       1,441      5.78          0.115      10,037,665       9,957,224   

October-12 97,463,479      8,580        24,008      604.1      764.8      529.2     14.13       1,447      5.80          0.115      10,078,437       9,997,667   
November-12 97,023,072      8,415        23,903      621.1      779.5      537.3     14.07       1,440      5.77          0.114      10,033,418       9,953,013   
December-12 97,258,307      8,373        24,029      644.2      801.3      550.0     14.10       1,444      5.79          0.115      10,058,133       9,977,533   

January-13 97,441,675      8,344        24,080      629.6      788.2      542.7     14.13       1,447      5.80          0.115      10,077,334       9,996,582   
February-13 96,584,227      8,220        23,965      614.3      772.3      532.7     14.00       1,434      5.75          0.114      9,988,548         9,908,506   

March-13 96,425,554      8,182        24,022      600.2      759.0      524.9     13.98       1,431      5.74          0.114      9,971,934         9,892,024   
April-13 95,897,215      8,099        23,940      589.3      747.9      518.0     13.91       1,424      5.71          0.113      9,917,685         9,838,213   
May-13 95,859,909      8,128        23,977      578.2      737.6      512.1     13.90       1,423      5.70          0.113      9,914,231         9,834,790   

June-13 95,637,260      8,067        24,016      563.4      723.5      503.8     13.87       1,420      5.69          0.113      9,891,460         9,812,204   
July-13 94,129,363      7,923        23,665      544.6      703.0      490.6     13.65       1,397      5.60          0.111      9,735,930         9,657,923   

August-13 95,026,877      7,956        23,885      534.1      695.2      486.9     13.78       1,411      5.65          0.112      9,828,422         9,749,671   
September-13 93,629,227      7,857        23,583      516.6      676.1      474.6     13.58       1,390      5.57          0.110      9,683,727         9,606,134   

October-13 94,377,633      7,900        23,835      507.9      669.7      471.6     13.68       1,401      5.62          0.111      9,761,075         9,682,862   
November-13 95,778,966      7,935        24,260      501.5      666.8      471.2     13.89       1,422      5.70          0.113      9,906,220         9,826,846   
December-13 92,496,669      7,602        23,508      478.7      638.8      452.1     13.41       1,373      5.50          0.109      9,566,453         9,489,799   

Baseline 
emissions January 
2011 through 
December 2012, 
MMBtu/yr and 
ton/yr

97,258,307      8,373        24,029      644.2      801.3      550.0     14.10       1,444      5.79          0.115      10,058,133       9,977,533   

Baseline 
emissions January 
2011 through 
December 2012, 
lb/MMBtu

0.172        0.494        0.0132    0.0165    0.0113   0.00029   0.030      0.000119  2.36E-06 206.8                205.2          

Table A-1.2  Annual Average Emissions based on Rolling 24-Month Average (a)

Month

(a)  The  expected start of construction is mid 2015 (approximately June 30, 2015.  Therefore, the earliest allowable baseline period is July 2010 through June 2012.
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Parameter Value Units Comments

Boiler Heat Input 14,822 MMBtu/hr Typical maximum value

Fuel S 0.78% wt % Typical value

Fuel heating Value 8,776 Btu/lb Typical value

Oxidation of Fuel S to SO3 0.294% Calculated from stack test

SO3 at Boiler Outlet 96.96 lb/hr APS source test

Oxidation of SO2 to SO3 by SCR 1.00% APS estimate for 4 layers low 
oxidation catalyst

SO3 added by SCR 329.34 lb/hr Calculated

SO3 at SCR outlet 426.30 lb/hr Calculated

Removal by Air Preheater 50% EPRI (a)

Removal by Baghouse and Wet 
Scrubber 57.39% APS source test

SO3 Emissions 90.82 lb/hr Calculated

H2SO4 Emissions 111.26 lb/hr Calculated

H2SO4 Emissions before Control 0.00751 lb/MMBtu Calculated

H2SO4 Control Efficiency, % 42% APS estimate

H2SO4 Emissions after control 0.00435 lb/MMBtu Calculated

H2SO4 Emissions after control 1.5 ppmvd corrected 
to 3% O2

Calculated from lb/MMBtu 
based on 40 CFR Part 60 
Appendix A Method 19

(a) Estimating Total Sulfuric Acid Mist Emissions from Stationary Power Plants, Technical Update, 
March 2012.  EPRI Report 1023790.

Table A-2 Future Sulfuric Acid Mist Emission Calculation for Units 4 and 5
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Parameter Value Units Comments
Pre-Project Heat Input 97,258,307 MMBtu/yr See Table A 1.2
Post-Project Heat Input with Demand Growth 
without Parasitic Load and Economizer 
Inefficiency

116,008,264 MMBtu/yr 89.35% capacity factor, see table A-8

Heat Input to Demand Growth 18,749,957 MMBtu/yr

Increased Power Demand due to New Emission 
Controls 348,025 MMBtu/yr

0.3% (see Table A-9) of the future projected capacity 
factor of 89.35% (see Table A-8) which includes demand 
growth

Total Projected Future Fuel Use 116,356,289 MMBtu/yr Post-project heat input including demand growth and 
increased power demand due to new emission controls

Total Projected Capacity Factor 89.61%
Projected Future Fuel Use Excluding Demand 
Growth 97,606,332 MMBtu/yr Pre-project heat input plus increased power demand due 

to new emission controls
Projected Capacity Factor Excluding Demand 
Growth and Non-Project Related Changes 75.17%

SO2 Emission Rate 0.1722 lb/MMBtu Same as baseline, no project related change

SO2 Emissions           8,403.2 ton/yr Based on Projected Future Fuel Use Excluding Demand 
Growth

NOx Emission Rate 0.0980 lb/MMBtu 40 CFR 49 BART Rule, 30-day rolling average

NOx Emissions           4,782.7 ton/yr Based on Projected Future Fuel Use Excluding Demand 
Growth

PM Emission Rate 0.0132 lb/MMBtu Same as baseline, no project related change

PM Emissions              646.5 ton/yr Based on Projected Future Fuel Use Excluding Demand 
Growth

PM10 Emission Rate 0.0222 lb/MMBtu
BACT - 92% of 0.015 lb/MMBtu plus 0.0040 lb/MMBtu 
condensable organics plus 0.00435 lb/MMBtu sulfuric 
acid mist emissions

PM10 Emissions           1,288.9 ton/yr Total emissions including demand growth
Basis for Demand Growth Exclusion (c) 0.0165 lb/MMBtu Baseline emission rate
Demand Growth Exclusion (c) 154.47 ton/yr Baseline emission rate x demand growth
PM10 Emissions           1,134.4 ton/yr Excluding non-project related emissions

PM2.5 Emission Rate 0.0163 lb/MMBtu
BACT - 53% of 0.015 lb/MMBtu plus 0.0040 lb/MMBtu 
condensable organics plus 0.00435 lb/MMBtu sulfuric 
acid mist emissions

PM2.5 Emissions              948.5 ton/yr Total emissions including demand growth

 Table A-3 Projected Future Emission Calculation for Units 4 and 5 (a)
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Parameter Value Units Comments

 Table A-3 Projected Future Emission Calculation for Units 4 and 5 (a)

Basis for Demand Growth Exclusion (c) 0.0113 lb/MMBtu Baseline emission rate
Demand Growth Exclusion (c) 106.04 ton/yr Baseline emission rate x demand growth
PM2.5 Emissions              842.5 ton/yr Excluding non-project related emissions
Sulfuric Acid Mist Emission Rate 0.00435 lb/MMBtu See Table A-2
Sulfuric Acid Mist Emissions 253.29 ton/yr Total emissions including demand growth
Basis for Demand Growth Exclusion (c) 0.00029 lb/MMBtu Baseline emission rate
Demand Growth Exclusion (c) 2.72 ton/yr Baseline emission rate x demand growth
Sulfuric Acid Mist Emissions              250.6 ton/yr Excluding non-project related emissions
CO Emission Rate 0.02969 lb/MMBtu Same as baseline, no project related change

CO Emissions           1,449.0 ton/yr Based on Projected Future Fuel Use Excluding Demand 
Growth

VOC Emission Rate 0.000119 lb/MMBtu Same as baseline, no project related change

VOC Emissions                5.81 ton/yr Based on Projected Future Fuel Use Excluding Demand 
Growth

Lead Emission Rate 2.36E-06 lb/MMBtu Same as baseline, no project related change

Lead Emissions              0.115 ton/yr Based on Projected Future Fuel Use Excluding Demand 
Growth

CO2 Emission Rate 205.2 lb/MMBtu Same as baseline, no project related change

CO2 Emissions     10,013,236 ton/yr Based on Projected Future Fuel Use Excluding Demand 
Growth

CO2e Emission Rate 206.8 lb/MMBtu Same as baseline, no project related change

CO2e Emissions     10,094,124 ton/yr Based on Projected Future Fuel Use Excluding Demand 
Growth

(c)  Emissions from demand growth at the baseline emission rate are "unrelated to the particular project".

(a)  Projected actual emissions do not include exclusions allowed by  40 CFR 52.21(b)(41)(ii):  "In determining projected actual emissions under 
paragraph (b)(41) the operator shall  exclude, in calculating any increase in emissions that results from the particular project, that portion of the unit's 
emissions following the project that an existing unit could have accommodated during the consecutive 24-month period used to establish the baseline 
actual emissions under paragraph (b)(48) of this section and that are also unrelated to the particular project, including any increased utilization due to 
product demand growth.

(b)  The auxiliary load, in terms of increased fuel use, is based on occasional or periodic increased firing to compensate for SCR power use and 
economizer bypass which result in lower net power output. See Table A-9
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gr/scf ton/yr Maximum 
lb/day

Silo for Dry Sorbent 
Storage

Pneumatic 
Transfer to Silo 
with Fabric Filter 
Control

2,000      2,000         10              0.0050 0.0857 0.857

Silo for SCR Reagent 
Storage (a)

Pneumatic 
Transfer to Silo 
with Fabric Filter 
Control

5,000      2,000         10              0.0050 0.2143 2.143

(a) The SCR reagent silo will only be built if urea pellets are selected as the SCR reagent.  Other reagent options being 
considered are 29% aqueous ammonia and anhydrous ammonia.  There will be no emissions from SCR reagent storage if 
either ammonia option is selected.

 Table A-4  Projected Emission Increase Calculation for Reagent Handling

PM PM10 PM2.5 EmissionsMaximum 
Daily 

Operating 
Hours

Source Source Type Flow
scfm

Annual 
Operating 

Hours
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Source Road 
Type

Vehicle 
Type

Trucks 
per 

Year

Trucks 
per 
Day

Truck 
Weight 
Empty 
(tons)

Truck 
Weight 

Full 
(tons)

Truck 
Weight 

Average 
(tons)

Length 
(m)

Length
(miles)

Avg 
vehicle 
weight 
(tons)

Silt 
Loading
 (g/m2)

PM 
before 
Control 
lb/VMT

PM 
Control 

Efficiency

PM 
Annual 

Emissions
(ton/yr)

PM Daily 
Emissions

(lb/day)

PM10 
before 
Control 
lb/VMT

PM10 
Control 

Efficiency

PM10 
Annual 

Emissions
(ton/yr)

PM10 
Daily 

Emission
s

(lb/day)

PM2.5 
before 
Control 
lb/VMT

PM2.5 
Control 

Efficiency

PM2.5 
Annual 

Emissions
(ton/yr)

PM2.5 
Daily 

Emissions
(lb/day)

DSI 
Delivery 
Trucks

900 3 12 24 18 684.2 0.425 18.0 9.70 1.659 85% 0.0952 0.6346 0.3317 85% 0.0190 0.1269 0.0814 85% 0.0047 0.0312

Watering 
Trucks

Reagent 
Trucks 1500 5 12 34.5 23.25 289.3 0.180 23.3 9.70 2.153 85% 0.0871 0.5806 0.4307 85% 0.0174 0.1161 0.1057 85% 0.0043 0.0285

Watering 
Trucks

(a) The SCR system may use 29% aqueous ammonia, urea pellets, or anhydrous ammonia.  The worst case for emissions from road traffic is 29% aqueous ammonia.
Paved Roadway Equation (AP-42 Section 13.2.1)

E (lb/VMT) = k * sL0.91 * W1.02

k = 0.011 for PM, 0.0022 for PM10, 0.00054 for PM2.5

sL = silt loading (g/m2)
W = average vehicle weight

Table A-5.1 Projected Emission Increase Calculation for Reagent Delivery (DSI and 29% Aqueous Ammonia)

No increase

Delivery of 
Sorbent for Dry 
Sorbent 
Injection

Paved

Delivery of 
SCR Reagent 
(29% Aqueous 
Ammonia) (a)

Paved

No increase
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Source Road 
Type

Vehicle 
Type

Trucks 
per 

Year

Trucks 
per 
Day

Truck 
Weight 
Empty 
(tons)

Truck 
Weight 

Full 
(tons)

Truck 
Weight 
Average 

(tons)

Length 
(m)

Length
(miles)

Avg 
vehicle 
weight 
(tons)

Silt 
Loading
 (g/m2)

PM 
before 
Control 
lb/VMT

PM Control 
Efficiency

PM 
Annual 

Emission
s

(ton/yr)

PM Daily 
Emissions

(lb/day)

PM10 
before 
Control 
lb/VMT

PM10 
Control 

Efficiency

PM10 
Annual 

Emissions
(ton/yr)

PM10 
Daily 

Emission
s

(lb/day)

PM2.5 
before 
Control 
lb/VMT

PM2.5 
Control 

Efficiency

PM2.5 
Annual 

Emissions
(ton/yr)

PM2.5 
Daily 

Emissions
(lb/day)

DSI 
Delivery 
Trucks

900 3 12 24 18 684.2 0.425 18.0 9.70 1.659 85% 0.0952 0.6346 0.3317 85% 0.0190 0.1269 0.0814 85% 0.0047 0.0312

Watering 
Trucks

Reagent 
Trucks 

874 3 12 32.1 22.0 289.3 0.180 22.0 9.70 2.038 85% 0.0480 0.3297 0.4076 85% 0.0096 0.0659 0.1000 85% 0.0024 0.0162

Watering 
Trucks

(a) The SCR system may use 29% aqueous ammonia, urea pellets, or anhydrous ammonia.  The worst case for emissions from road traffic is 29% aqueous ammonia.
Paved Roadway Equation (AP-42 Section 13.2.1)

E (lb/VMT) = k * sL0.91 * W1.02

k = 0.011 for PM, 0.0022 for PM10, 0.00054 for PM2.5

sL = silt loading (g/m2)
W = average vehicle weight

Delivery of SCR 
Reagent (Urea 
Pellets) (a)

Paved

No increase

Table A-5.2 Projected Emission Increase Calculation for Reagent Delivery (DSI and Urea Pellets)

Delivery of 
Sorbent for Dry 
Sorbent Injection

Paved

No increase
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Source Road 
Type

Vehicle 
Type

Trucks 
per 

Year

Trucks 
per 
Day

Truck 
Weight 
Empty 
(tons)

Truck 
Weight 

Full 
(tons)

Truck 
Weight 

Average 
(tons)

Length 
(m)

Length
(miles)

Avg 
vehicle 
weight 
(tons)

Silt 
Loading
 (g/m2)

PM 
before 
Control 
lb/VMT

PM Control 
Efficiency

PM 
Annual 

Emissions
(ton/yr)

PM Daily 
Emissions

(lb/day)

PM10 
before 
Control 
lb/VMT

PM10 
Control 

Efficiency

PM10 Annual 
Emissions

(ton/yr)

PM10 
Daily 

Emission
s

(lb/day)

PM2.5 
before 
Control 
lb/VMT

PM2.5 
Control 

Efficiency

PM2.5 
Annual 

Emissions
(ton/yr)

PM2.5 
Daily 

Emission
s

(lb/day)

DSI 
Delivery 
Trucks

900 3 12 24 18 684.2 0.425 18.0 9.70 1.659 85% 0.0952 0.6346 0.3317 85% 0.0190 0.1269 0.0814 85% 0.0047 0.0312

Watering 
Trucks

Reagent 
Trucks 

643 2 12 27.5 19.8 289.3 0.180 19.8 9.70 1.824 85% 0.0316 0.1967 0.3647 85% 0.0063 0.0393 0.0895 85% 0.0016 0.0097

Watering 
Trucks

(a) The SCR system may use 29% aqueous ammonia, urea pellets, or anhydrous ammonia.  The worst case for emissions from road traffic is 29% aqueous ammonia.
Paved Roadway Equation (AP-42 Section 13.2.1)

E (lb/VMT) = k * sL0.91 * W1.02

k = 0.011 for PM, 0.0022 for PM10, 0.00054 for PM2.5

sL = silt loading (g/m2)
W = average vehicle weight

Delivery of SCR 
Reagent 
(Anhydrous 
Ammonia) (a)

Paved

No increase

Table A-5.3 Projected Emission Increase Calculation for Reagent Delivery (DSI and Anhydrous Ammonia)

Delivery of 
Sorbent for Dry 
Sorbent Injection

Paved

No increase
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NOx SO2 PM PM10 PM2.5 CO VOC H2SO4 Lead GHG CO2e

(ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr)
Unit 4 and 5 Baseline 
Emissions 24,029.2 8,373.2 644.2 801.3 550.0 1,443.9 5.787 14.1 1.15E-01 10,058,133

Unit 4 and 5 Projected 
Future Emissions (a) 4,782.7 8,403.2 646.5 1,134.4 842.5 1,449.0 5.808 250.6 1.15E-01 10,094,124

Unit 4 and Unit 5 
Emission Change -19,246.5 30.0 2.3 333.1 292.4 5.17 0.021 236.5 4.11E-04 35,992

DSI Sorbent Truck Traffic 
Emission Change 0.0 0.0 0.0952 0.0190 0.0047 0.0 0.0 0.0 0.0 0.0

SCR Reagent Truck 
Traffic Emission Change 
(worst case)

0.0 0.0 0.0871 0.0174 0.0043 0.0 0.0 0.0 0.0 0.0

DSI Sorbent Material 
Handling Emission 
Change

0.0 0.0 0.0857 0.0857 0.0857 0.0 0.0 0.0 0.0 0.0

SCR Reagent Material 
Handling Emission 
Change (worst case)

0.0 0.0 0.2143 0.2143 0.2143 0.0 0.0 0.0 0.0 0.0

Total Project Emission 
Change -19,246.5 30.0 2.79 333.5 292.8 5.2 0.021 236.5 4.11E-04 35,992

Major Source Threshold 
(ton/yr) 100 100 100 100 100 100 100 100 100 100,000

PSD Threshold for 
Significant Net 
Emission Rate

40 40 25 15 10 100 40 7 0.6 75,000

PSD Netting Required No No No Yes Yes No No Yes No No

Contemporaneous 
Projects  - Auxiliary 
Boilers

NA NA NA 4.3 4.3 NA NA 0.0 NA NA

Total PSD Emission 
Change -19,246.5 30.0 2.8 337.8 297.1 5.2 0.021 236.5 4.11E-04 35,992

PSD Applicable No No No Yes Yes No No Yes No No

Table A-6 FCPP Unit 4 and Unit 5 SCR Project PSD Applicability

Emission Source 
Description

(a)  40 CFR 52.21(b)(41)(ii)  In determining projected actual emissions under paragraph (b)(41) the operator shall  exclude, in calculating any 
increase in emissions that results from the particular project, that portion of the unit's emissions following the project that an existing unit could 
have accommodated during the consecutive 24-month period used to establish the baseline actual emissions under paragraph (b)(48) of this 
section and that are also unrelated to the particular project, including any increased utilization due to product demand growth.  See details in 
Table A-3.

NA = Not Applicable
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NOx SO2 PM CO VOC Lead GHG CO2e

(ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr)

Unit 4 and 5 Baseline Emissions 24,029.2 8,373.2 644.2 1,443.9 5.787 1.15E-01 10,058,133

Unit 4 and 5 Projected Future 
Emissions 4,782.7 8,403.2 646.5 1,449.0 5.808 1.15E-01 10,094,124

Unit 4 and Unit 5 Emission 
Change -19,246.5 30.0 2.3 5.17 0.021 4.11E-04 35,992

DSI Sorbent Truck Traffic 
Emission Change 0.0 0.0 0.0952 0.0 0.0 0.0 0.0

SCR Reagent Truck Traffic 
Emission Change (worst case) 0.0 0.0 0.0871 0.0 0.0 0.0 0.0

DSI Sorbent Material Handling 
Emission Change 0.0 0.0 0.0857 0.0 0.0 0.0 0.0

SCR Reagent Material Handling 
Emission Change (worst case) 0.0 0.0 0.2143 0.0 0.0 0.0 0.0

Total Project Emission Change -19,246.5 30.0 2.79 5.2 0.021 4.11E-04 35,992

Tribal Significant Net Emission 
Rate 10 10 10 10 5 0.1 NA

Tribal NSR Netting Required No Yes No No No No No

Contemporaneous Projects  - 
Auxiliary Boilers NA 0.3 NA NA NA NA NA

Contemporaneous Projects  - 
Shutdown of Units1, 2, and 3 (b) NA -3,110.0 NA NA NA NA NA

Total Emission Change -19,246.5 -3,079.8 2.8 5.2 0.021 0.00 35,992

Tribal NSR Applicable No No No No No No No

NA = Not Applicable

Emission Source Description

Table A-7 FCPP Unit 4 and Unit 5 SCR Project                                                         
Tribal Minor Source NSR Applicability (a)

(b) Annual average emissions for the years 2011 and 2012 based on APS CEMS data

(a) Pollutants not subject to PSD
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  Four 
Corners 
Unit 4                 

  Four 
Corners  
Unit 5                 

Heat Input
MMBtu/yr

2014 83.90 76.52 80.21 104,145,465   
2015 90.73 71.45 81.09 105,286,324   
2016 79.96 83.62 81.79 106,195,622   
2017 61.15 81.88 71.51 92,855,166     
2018 86.65 62.75 74.70 96,992,215     
2019 84.67 82.34 83.50 108,421,857   
2020 83.08 85.37 84.22 109,355,561   
2021 92.85 85.85 89.35 116,008,264   
2022 90.37 87.96 89.16 115,770,562   
2023 65.79 90.32 78.06 101,348,267   
2024 92.83 64.43 78.63 102,094,163   

Capacity Factor

Year FCPP Average

Table A-8 FCPP Projected Capacity Factors including 
Demand Growth and Non-Project Related Factors

14 Revision 1, March 2014



SCR Parasitic Load Calculation (a)

Parameter Units Value

Parasitic Load due to SCR, MW MW 3.80

Gross Capacity, MW MW 810

Unit 4 Hours at reduced load hr/yr 1,195

Unit 5 Hours at reduced load hr/yr 4,112

Hours in a Year hr/yr 8,760
Unit 4 Parasitic Load Capacity Factor % 0.064%
Unit 5 Parasitic Load Capacity Factor % 0.220%
Average Parasitic load % 0.142%

Economizer Bypass (b)

Parameter Units Unit 4 2012 Unit 4 2013 Unit 5 2012 Unit 5 2013 Average

% of Operating Hours Needing Temperature Increase % 31.7% 24.1% 46.3% 33.9% 34.0%

Temperature Increase Required °F 29.61 13.13 14.29 12.68 17.43
Weighted Average Temperature Increase Required °F 9.4 3.2 6.6 4.3 5.9
Operating Hours hr/yr 7,542 6,810 7,302 6,810 7,116
Average Non-zero MW MW 719.3 725.7 746.3 684.0 718.9
% Efficiency Loss/°F in Economizer %/°F 0.025% 0.025% 0.025% 0.025% 0.025%
Total MWH Increase Due to Economizer Bypass MWh/yr 12,749 3,918 9,007 5,009 7,671
Heat Rate Btu/KWh 9,800 9,800 9,800 9,800 9,800
Total MMBtu Increase Due to Economizer Bypass MMBtu/yr 124,937 38,394 88,265 49,090 75,171
Approximate Unit MWH/yr MWh/yr 5,425,205 4,942,251 5,449,796 4,658,170 5,118,855
Approximate Capacity Factor % 80.2% 73.3% 80.6% 69.1% 75.8%
Approximate Unit MMBtu/yr MMBtu/yr 53,167,009 48,434,058 53,408,003 45,650,062 50,164,783
Increase in MMBtu/yr due to Economizer Bypass % 0.235% 0.079% 0.165% 0.108% 0.147%

Total increased fuel use due to parasitc load and economizer bypass is esitimated to be 0.3% as shown above.

(b) The SCR will, at times, require some bypasing of the economizer in order to maintain the requried SCR inlet temperature.  This operating scenario 
can result in increased fuel use.

Table A-9  Estimated Increased Fuel Use due to SCR Parasitic Load and Economizer Bypass

Comments

APS 2021 projected hours of operation at reduced load (highest 
capacity factor of 92.8%)

APS 2021 projected hours of operation at reduced load (highest 
capacity factor of 85.8%)

Information from Black & Veatch

Parasitic load / gross capacity x hours at reduced load / 8,760 hr/yr
Parasitic load / gross capacity x hours at reduced load / 8,760 hr/yr

(a) This calculation is intended to account for increased fuel use due to the SCR parastiic load.  Fuel feed to the furnaces can only be increased duirng 
periods when they are operating at reduced load,  When operating at full load, the fuel use cannot be increased; the net power output will decrease.
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PM 0.0260 lb/MMBtu
PM10 filterable 92% of PM
PM filterable 0.02392 lb/MMBtu

PM10 organic 0.00400 lb/MMBtu
PM10 inorganic 0.00029 lb/MMBtu

PM10 total 0.02821 lb/MMBtu
PM10 total 209.06 lb/hr

PM2.5 filterable 53% of PM
PM2.5 filterable 0.01378 lb/MMBtu
PM2.5 organic 0.00400 lb/MMBtu

PM2.5 inorganic 0.00029 lb/MMBtu
PM2.5 total 0.01807 lb/MMBtu
PM2.5 total 133.92 lb/hr

PM 0.0060 lb/MMBtu
PM10 filterable 92% of PM
PM filterable 0.00552 lb/MMBtu

PM10 organic 0.00400 lb/MMBtu
PM10 inorganic 0.00029 lb/MMBtu

PM10 total 0.00981 lb/MMBtu
PM10 total 72.70 lb/hr

PM2.5 filterable 53% of PM
PM2.5 filterable 0.00318 lb/MMBtu
PM2.5 organic 0.00400 lb/MMBtu
PM2.5 organic 0.00029 lb/MMBtu

PM2.5 total 0.00747 lb/MMBtu
PM2.5 total 55.36 lb/hr

Total 24-hour PM10 Baseline for Units 4 and 5 281.77 lb/hr
Future Maximum PM10 Emissions 328.36 lb/hr 0.0222 lb/MMBtu
Short Term PM10 Emission Increase 46.60 lb/hr

Total 24-hour PM2.5 Baseline for Units 4 and 5 189.28 lb/hr
Future Maximum PM2.5 Emissions 241.65 lb/hr 0.0163 lb/MMBtu
Short Term PM2.5 Emission Increase 52.38 lb/hr

Unit 4 Modeling baseline - maximum day in the most recent 2-year period

Unit 5 Modeling baseline - maximum day in the most recent 2-year period

Table A-10 Calculation of Emission Differences from Baseline for Modeling
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SUMMARY INFORMATION 

Source Location: Four Corners Power Plant 
End of San Juan County Road 6675 
Fruitland, New Mexico 87416 

Source Information 

Site Contact: Mr. Carl Woolfolk 
Title: Environmental Section Leader 
Telephone: (505) 598-8459 

Regulatory Agency: Navajo Nation Environmental Protection Agency 
Responsible Official: Mr. David Bloomfield 
Title: Site Manager 
Telephone: (505) 598-8405 

Unit: Unit 5 

Purpose: To determine emissions of particulate matter and to audit the 
performance of the continuous emissions monitoring system 
serving Unit 5 in accordance with all applicable regulatory 
requirements, including but not limited to: 40 CFR Part 75, 40 
CFR Part 60 (Appendices A and B), 40 CFR §49.23, and the Title 
V Air Quality Permit 

Procedures: EPA 1, 2, 3A, 4, 5, 6C, 7E, and 19 
40 CFR Part 60 and Part 75 

Title V Permit No.: NN-ROP-05-07, issued August 1, 2008 

Test Date: May 10, 2013 

Testing Firm: The Avogadro Group, LLC 

Testing Company Information 

 3001 S 35th Street, Suite C-2 2825 Verne Roberts Circle 
Phoenix, Arizona 85034 Antioch, California 94509 

Certification: AETB (ASTM D-7036), CARB Independent Tester 

Contact: Mr. Jeff Hogan Mr. Erick Mirabella 
Title: Project Manager Client Account Manager 
Telephone: (480) 423-7241 (925) 680-0935 
Facsimile: (602) 431-6028 (925) 680-4416 
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SECTION 1.0 
 

INTRODUCTION 

The Avogadro Group, LLC (Avogadro) has been contracted by Arizona Public Service 
Company (APS) to perform a series of emission tests on five (5) pulverized coal-fired 
boilers at their Four Corners Power Plant (FCPP) facility in Fruitland, New Mexico.  In 
this initial mobilization, four of the five boilers were addressed.  The testing was 
conducted to determine emissions of particulate matter and to audit the performance of 
the continuous emissions monitoring system serving each unit in accordance with all 
applicable regulatory requirements, including but not limited to:  40 CFR Part 75, 40 
CFR Part 60 (Appendices A and B), 40 CFR §49.23, and the Title V Air Quality Permit, 
issued by the Navajo Nation Environmental Protection Agency (NNEPA). 

This test report details the emissions tests performed for the coal-fired boiler designated 
as Unit 5. 

Kris Huckabay, Brandon Holloway, Todd Smith, and Patrick Espiritu of Avogadro 
conducted the tests.  The emissions testing at FCPP began May 7, 2013 and continued 
through May 10, 2013.  Tests on Unit 5 occurred May 10, 2013, and were conducted 
according to a test plan dated April 2, 2013 that was submitted to the NNEPA.  Avogadro 
performed the tests to measure the following emission parameters: 

• Relative Accuracy Test Audit (RATA) 
 Oxides of nitrogen (NOX as NO2), lb/MMBtu 
 Sulfur dioxide (SO2), ppm 
 Carbon dioxide (CO2), % by volume 
 Moisture content (H2O), % by volume 
 Volumetric flow rate, dscfh (at high load) 

• Emissions Compliance Tests 
 Particulate matter (PM), lb/MMBtu 

• Supporting  Data 
 Oxygen and carbon dioxide (O2 and CO2), % by volume 
 Moisture content (H2O), % by volume 

This report presents the test results and supporting data, descriptions of the testing 
procedures, descriptions of the facility and sampling locations, and a summary of the 
quality assurance procedures used by Avogadro.  The results from the test program are 
summarized in Section 1.1.  Detailed results for the individual test runs can be found in 
Section 5.0 and in the appendices. 
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Additional information is included in the appendices.  Appendix A contains generic 
descriptions of standard measurement procedures.  Appendix B presents the quality 
assurance information, including instrument calibration data.  Raw field data are included 
in Appendix C, which includes Avogadro field data sheets and CEMS data as well as 
APS process data, CEMS data, and operator logs.  Appendix D presents the general and 
specific equations used for the emissions calculations and computer spreadsheets.  
Appendix E contains a copy of the particulate matter laboratory report.  A copy of the 
operating permit can be found in Appendix F.  

1.1 AVERAGE EMISSION TEST RESULTS 

The average emission test results for the RATA and particulate matter tests are presented 
in Tables 1-1 and 1-2, respectively.  Detailed results can be found in Section 5.0 and in 
the appendices. 
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TABLE 1-1 
SUMMARY OF AVERAGE RATA RESULTS 

ARIZONA PUBLIC SERVICE COMPANY 
COAL-FIRED BOILER, UNIT 5 

MAY 10, 2013 

PARAMETER RELATIVE 
ACCURACY PASS/FAIL 

   CO2 Analyzer:   
percent, % 2.79 PASS 1 

    NOX Analyzer:   
lb/MMBtu as NO2, % 0.92 PASS 1 
Bias adjustment factor 2 1.00 -- 

   SO2 Analyzer:   
ppm, difference 1.47 PASS 1 
RM, % 4.25 PASS 

   H2O Analyzer:   
moisture, % 4.03 PASS 

    Flow Analyzer:   
high-load, dscfh, % 5.84 PASS 1 
   

1 Qualified for RATA incentive program (annual basis) according to 40 CFR, Part 75, Appendix B, Section 2.3.1.2.  
2 As the average difference between the values for NOX in lb/MMBtu was greater than the absolute value of the 

confidence coefficient, a bias adjustment is necessary as specified in 40 CFR, Part 75, Appendix A, Section 
7.6.5.  The bias factor is used for adjusting the NOX emission data for reporting. 
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TABLE 1-2 
SUMMARY OF AVERAGE PARTICULATE MATTER RESULTS 

ARIZONA PUBLIC SERVICE COMPANY 
COAL-FIRED BOILER, UNIT 5 

MAY 10, 2013 

PARAMETER VALUE EMISSION 
LIMIT 

   Particulate Matter:   
lb/MMBtu 0.004 0.050 1 
   

1 Permit condition II.A(2)(b). 
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SECTION 2.0 
 

TESTING CONTRACTOR 

The test program was conducted by The Avogadro Group, LLC.  Analysis of the 
particulate matter emission samples was conducted in Avogadro’s analytical laboratory.  
Avogadro contacts for the project are: 

• Project Manager: Jeff Hogan (480) 423-7241 
• Test Team Leader: Kris Huckabay (480) 423-7243 
• Account Manager: Erick Mirabella (925) 680-0935 
• Laboratory Manager: Robert Odell (925) 680-4357 

Avogadro is a recognized independent contractor that has been approved to conduct 
emission source testing on behalf of the California Air Resources Board (CARB), 
pursuant to Section 91200-21220, Title 17, of the California Code of Regulations.  
Avogadro is an interim certified Air Emission Testing Body (AETB) as defined in 40 
CFR 72.2, conforming to ASTM D7036-04.  Certificates are provided in Appendix B of 
this test report.  Avogadro is a full service source testing and combustion engineering 
consulting firm with extensive experience in air quality management and pollution 
control. 

Avogadro provided a professional source test team to conduct the testing as described in 
this test report.  All RATA and performance tests were overseen and supervised on-site 
by at least one Qualified Individual, as defined in 40 CFR 72.2.  Table 2-1 lists the key 
test program personnel. 

TABLE 2-1 
TEST PROGRAM PERSONNEL 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

PERSONNEL TITLE ASSIGNMENT EXPERIENCE 
    Erick Mirabella Scientist IV Account Manager Since 1992 

Dan Duncan Engineer IV Quality Assurance Since 1987 
Robert Odell Scientist II Project Chemist Since 2006 

Kris Huckabay Scientist II Test Team Leader Since 2008 
Jeff Hogan Scientist III Project Manager Since 1996 

    



Arizona Public Service Company, Four Corners Power Plant June 19, 2013 
Source Test Report: 2013 Source Evaluation Tests, Unit 5 

13078.2x R2 6 of 24  

Mr. Jeff Hogan is the Project Manager for the air sampling activities at FCPP.  Mr. 
Hogan’s responsibilities included overseeing the execution and planning of all air 
sampling efforts, including testing, reporting, and project coordination.  His primary 
objective is to ensure that the results generated by this test program meets the 
expectations and requirements of both the regulatory agencies and FCPP. 

Mr. Kris Huckabay worked as Test Team Leader for the FCPP project and assisted Mr. 
Hogan in sampling activities on-site, data reduction, and reporting.  He ensured that all 
sampling activities and methodologies were being followed. 

Mr. Robert Odell is the Project Chemist.  Mr. Odell's responsibilities included 
management of the laboratory samples.  He ensured that the proper paperwork and 
samples reached the laboratory and that the laboratory efforts are in compliance with the 
EPA approved procedures.   

Mr. Dan Duncan is the Quality Assurance Officer for the project.  He reviewed and 
validated the test results, lab analyses, and the final report.  A summary of our standard 
QA/QC program is presented in Appendix B. 

Mr. Erick Mirabella acted as Account Manager for the project.  His responsibilities 
included oversight of all the project activities.  He ensured that each phase of the project 
had the resources necessary to meet the project objectives and the data quality objectives. 

The on-site activities also included technicians and other support personnel chosen based 
on specific experience of the methods used throughout the program.  They were Brandon 
Holloway, Patrick Espiritu, and Todd Smith.  Our website at www.avogadrogroup.com 
provides additional information on our company and personnel assigned to this project. 
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SECTION 3.0 
 

SOURCE LOCATION INFORMATION 

3.1 FACILITY DESCRIPTION 

Arizona Public Service Company (APS) operates the Four Corners Power Plant (FCPP).  
The facility includes five (5) pulverized coal-fired combustion engineering boilers.  APS 
owns Units 1, 2, and 3.  Units 4 and 5 are co-owned by six entities, including APS.  The 
facility is located in San Juan County, near Fruitland, New Mexico.  The Navajo Nation 
Environmental Protection Agency (NNEPA) issued the facility Title V Permit to Operate. 

FCPP has the capacity to generate 2,060 MW of electricity from all five boilers.  Units 1 
and 2 are rated at 170 megawatts (MW), Unit 3 is rated at 220 MW, and Units 4 and 5 are 
rated at 750 MW.  The units were constructed from 1963 to 1970.  In addition to 
combusting pulverized coal, the units may use natural gas (during startup and for flame 
stabilization) and/or a small amount of oil (used in addition to coal). 

Each boiler’s emissions are abated by various control methods.  Each boiler is equipped 
with a low NOX burner and SO2 control systems.  Sulfur dioxide is controlled using flue-
gas desulfurization (FGD) on all boilers.  Particulate matter emissions are controlled by 
Venturi scrubbers on Units 1, 2, and 3 and baghouses followed by wet vertical lime 
scrubbers on Units 4 and 5. 

Stack emissions are monitored via a dry-extractive continuous emissions monitoring 
system (CEMS) and ultrasonic stack flow monitoring system.  Each CEMS requires a 
RATA conducted in accordance with 40 CFR Parts 60 and 75.  Stack moisture for Units 
1, 2, and 3 are calculated from assuming saturation at stack temperatures.  Units 4 and 5 
measure stack moisture via a dry O2-wet O2 differential and are also equipped with a 
continuous opacity monitoring (COM) system. 

3.2 SAMPLING LOCATIONS 

The exhaust stacks from Units 4 and 5 are identical and circular.  Each stack meets EPA 
Method 1 requirements.  A diagram of the exhaust stack for Unit 5 is presented in 
Appendix C.1. 

Units 4 and 5 have sampling locations approximately 327 feet above the ground, inside.  
The inside stack diameters at the sample location are 29 feet.  The sample ports are 
located 180 feet (6.21 stack diameters) downstream from the inlet to the stacks and 53 
feet (1.83 stack diameters) upstream from the stack outlets.  There are 16 traverse points 
each for both the particulate and flow RATA tests. 
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Sample traverse point locations for the gaseous RATA runs on the unit were based on a 
preliminary traverse run of twelve points as described in 40 CFR Part 75, Appendix A, 
Section 6.5.6.3.  The results from the preliminary RATA stratification test determined 
that the stack gas was minimally stratified (each individual traverse point differed by no 
more than 5.0 percent from the arithmetic average concentration for all traverse points or 
by no more than 3 ppm from the average) and the following RATA runs were sampled at 
a single point located on one of the measurement lines at least 1.0 meter from the stack 
wall.   

Moisture RATA traverse points on Unit 5 was based upon the results of a twelve point 
stratification tests for at least one pollutant or diluent, prior to the RATA, per §6.5.6.1, 
§6.5.6(a), and §6.5.6.3(b) of Appendix A to Part 75.  A single reference point, located at 
least 1.0 meter from the stack wall, was used. 
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SECTION 4.0 
 

TEST DESCRIPTION 

4.1 PROGRAM OBJECTIVES 

The testing program was conducted to determine compliance with the emission limit 
conditions of the Title V operating permit, and to provide a relative accuracy test audit 
(RATA) of the CEMS at the Unit 5 outlet stack in accordance with all applicable 
regulatory requirements, including but not limited to:  40 CFR Part 75, 40 CFR Part 60 
(Appendices A and B), 40 CFR §49.23, and the Title V air quality permit, issued by the 
Navajo Nation Environmental Protection Agency (NNEPA). 

This report presents the results of the emission tests and compares them to the applicable 
limits.  The results are reported in units that are consistent with the Title V operating 
permit limits.  This report also presents the results of the RATA in units consistent with 
the requirements of 40 CFR Part 60 and 75.  The applicable permit limit for particulate 
matter emissions for each boiler is summarized in Table 4-1. 

TABLE 4-1 
EMISSION LIMITS 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

COAL-FIRED BOILERS  

Applicable 
Sources Parameter Permit 

Condition Units Emission 
Limit 

Units 1, 2, 3, and 5 Particulate 
Matter (PM) II.A(2)(b) lb/MMBtu 0.050 

Unit 4* Particulate 
Matter (PM) -- lb/MMBtu 0.015* 

* Unit 4 PM limit is a regulatory requirement as cited in 40 CFR 49.5512(i)(1) 

4.2 TEST CONDITIONS 

The test conditions for Unit 5 varied according to test methodologies being conducted at 
the time.  Test conditions were established by APS personnel and documented with data 
from the process instrumentation.  This test program included a flow rate RATA at high-
load.  Since the boilers’ normal operations are subject to changes in atmospheric and fuel 
conditions, operating parameters may vary slightly during the emission tests.  Tables 4-2 
and 4-3 detail the required test load conditions for RATAs and particulate matter tests. 
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TABLE 4-2 
TEST CONDITION REQUIREMENTS 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

MEGAWATT LOAD FOR HIGH-LOAD RATAS AND PM TESTS 

BOILER UNIT HIGH-LOAD RATA PM TESTS 

5 > 667 and ≤ 825 ≥ 742 
Note: All values in gross megawatts (MW). 

TABLE 4-3 
TEST CONDITION REQUIREMENTS 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 
OPERATING RANGE FOR RATAS 

RATA LOAD LEVEL OPERATION RANGE 

High-load > 60 % 

Note: All values in percent range of operation. 

4.3 PROGRAM SCHEDULE 

The entire testing program for all five boilers was scheduled for completion in seven 
business days (including set-up time one unit could not be tested during this program 
(Unit 4).  The modified test program included Units 1, 2, 3, and 5, and was performed 
between May 7, 2013 and May 10, 2013.  Unit 5 was tested on May 10, 2013.  The actual 
testing schedule for Unit 5 is presented in Table 4-4. 
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TABLE 4-4 
TESTING PROGRAM SCHEDULE 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

COAL-FIRED BOILER, UNIT 5 

DATE ACTIVITY /  
TEST PARAMETER 

TEST 
RUNS 

TEST RUN 
DURATION 

Friday 
May 10, 2013 

Set up Unit 5 
Unit 5 (high load) 
O2, CO2, NOX, SO2 

PM 
Volumetric flow rate 

-- 
-- 

1-11 of 11 
FB, 1, 2, 3 of 3 

1-10 of 10 

-- 
-- 

21 minutes ea 
60 minutes ea 
5 minutes ea 

4.4 TEST PROCEDURES 

The test procedures for this testing program are summarized in Table 4-5.  Generic 
descriptions of standard procedures are included in Appendix A.  Additional information 
on specific applications or modifications to standard procedures is presented in the 
following sub-sections.  Where any conflicts exist in the descriptions, the specific 
descriptions here in Section 4.4 will take precedence. 
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TABLE 4-5 
TEST PROCEDURES 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

COAL-FIRED BOILERS 

TEST 
PARAMETER 

REFERENCE 
METHOD 

ANALYTICAL  
APPROACH 

DETECTION  
LIMITS 

O2 EPA 3A Paramagnetism < 2% of full scale 
CO2 EPA 3A Non-dispersive infrared < 2% of full scale 
NOX EPA 7E Chemiluminescence < 2% of full scale 
SO2 EPA 6C Ultraviolet absorption < 2% of full scale 
PM EPA 5 Gravimetric filtration (F½) ~ 0.0002 gr/dscf 

CEMS RATA 40CFR60 
40CFR75 

Calculation of relative 
accuracy from test runs -- 

Stack gas velocity EPA 1, 2 Pitot/temperature traverse -- 
Moisture content EPA 4 Impinger weight gain -- 
Emission rates EPA 19 Fuel flow and heat input -- 

4.4.1 Gaseous Emissions 

Concentrations of the gaseous constituents of the stack gas (NOX, SO2, O2 and CO2) were 
measured using Avogadro’s dry extractive continuous emissions monitor (CEM) system 
described in Appendix A.  This system meets the requirements of the EPA methods for 
gaseous species. 

A heated Teflon line and chilled knockout system were used to prevent loss of SO2 and 
NO2 in the sampling system.  The NOX analyzer was operated in the NOX mode to 
measure NO plus NO2.  A molybdenum catalyst converter was used to convert NO2 to 
NO for measurement of total NOX.  The converter efficiency was checked and 
documented as described in EPA Method 7E. 

The sample conditioning and delivery system includes components to extract a 
representative sample from the source, remove the moisture and particulate matter from 
the sample stream, and transport the sample to the analyzers.  The primary components of 
this subsystem are: 

1) A sampling probe of quartz, stainless steel, titanium or glass tubing - 
heated or insulated as necessary to avoid condensation, 
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2) Sample filtration – filters located on the probe, pump, and prior to all of 
the analyzers for removal of particulate matter, 

3) Teflon tubing - connecting the probe to the sample conditioner and the 
sample conditioner to the analyzer manifold - heated or insulated as 
necessary to avoid condensation, 

4) Sample conditioner - glass or stainless steel flasks immersed in an ice bath 
to remove the moisture from the sample gas stream, 

5) Vacuum pump - a leak-free pump with Teflon diaphragm to transport the 
sample gas through the system, 

6) Sample manifold - a distribution system, constructed of stainless steel and 
Teflon tubing, to direct sample gas to the analyzers, and 

7) Sample flow rate control - a series of rotameters, vacuum gauges and 
pressure gauges connected to the manifold used to maintain the 
appropriate sample flow rates. 

The calibration gas system utilizes EPA protocol gases to verify the operation, linearity, 
and range settings of the electronic analyzers.  The sample gas system allows for the 
introduction of the protocol gases to the analyzers either directly through the manifold 
(calibration error check - performed once daily) or through the sampling system (system 
bias check - performed with each run). 

The electronic analyzers are usually rack-mounted and are maintained in the mobile lab, 
though equipment configuration differed slightly for each sampling location type.  
Avogadro determined it was appropriate to use a portable CEM system for gaseous 
sampling, which was transported to the exhaust stack sample platform to reduce sampling 
response time.  The data recording and acquisition system is based on a digital system 
known as MoleDAQ.  It includes software for controlling the collection of calibration and 
emission monitoring data, and hardware for connection of the analyzer outputs to the 
recording system.  The system recorded data points every six seconds.  One minute 
averages of those data points are provided for the gaseous test runs. 

4.4.2 Particulate Matter 

Emissions of total particulate matter (PM) were measured using EPA Method 5.  
Triplicate test runs, each 64 minutes in duration, were performed on Unit 5.  A minimum 
of 30 dscf was extracted and collected from the exhaust stack per test run.  The sampling 
apparatus included a heated sampling probe attached to an oven containing a heated glass 
filter holder and filter.  The filter holder was connected by a length of Teflon tubing to 
the impinger train.  The impinger train was connected to the control box, which contained 
the sampling pump and dry gas meter.  The sampling rate and nozzle size were chosen to 
allow isokinetic sampling to within ten percent of true isokinetic. 
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The filterable “front-half” PM was recovered from the sampling apparatus as described in 
Method 5.  The sample included the probe and nozzle wash, filter, and rinses from the 
front-half of the filter holder.  The sample was analyzed gravimetrically to determine the 
concentration of filterable PM. 

4.4.3 Relative Accuracy Test Audits 

Results of a relative accuracy test audit (RATA) were used to audit the performance of 
the continuous emissions monitoring system (CEMS) serving the boiler stack.  Avogadro 
performed the tests to determine the relative accuracy in units of ppm volume dry 
(ppmvd) for the SO2 analyzer, lb/MMBtu for the NOX analyzer, standard cubic feet per 
hour (dscfh) for the flow monitor, and percent by volume (%) for the CO2 and H2O 
analyzers. 

Ten gaseous sample runs for sulfur dioxide (SO2), nitrogen oxides (NOX), carbon dioxide 
(CO2), and flue-gas moisture (H2O) RATA runs were performed, with each run 21 
minutes in duration.  Additionally, the H2O RATA runs were run with the intention of 
collecting at least 21 dry standard cubic feet.  Due to the low barometric pressure, some 
runs collected slightly less than that.  Flow RATA run lengths were at least five minutes 
in duration. 

The volumetric flow rate RATA was performed at high load.  The calculation of 
volumetric flow rate from these measurements also requires the molecular weight of the 
stack gas, and therefore O2, CO2, and H2O measurements were used in conjunction with 
the velocity and temperature measurements.  A single 30-minute test run for O2, CO2, and 
H2O determination was performed for every clock hour of a flow RATA or for every 
three flow RATA runs.  

For each reference method (RM) determination, the flue gas was sampled at the 
applicable number of traverse points.  The differences between the RM sample and the 
pollutant monitor's readings were evaluated from nine sets of paired monitor and RM test 
data.  From these differences, the 95% confidence coefficient was calculated, and the 
relative accuracy determined.  The results of any tests not included in the calculations for 
the determination of relative accuracy are included in this report. 

The relative accuracy of the CO2 analyzer for the boiler stack was determined in 
accordance with 40 CFR, Part 75, Appendix A, Section 3.3.3.  The CO2 for each stack is 
actually calculated from dry O2 measurements and converted via equation F-14a in 
Appendix F to Part 75, where FC equals 1,800 scf-CO2/MMBtu and F equals 9,780 
dscf/MMBtu.  The CO2 RATA results are acceptable if relative accuracy (RA) does not 
exceed 10.0% (semiannual criteria).  Alternately, results are acceptable if the mean 
difference of the CO2 monitor measurements and the corresponding RM measurements 
are within ±1.0% CO2.  Under the incentive program, if the RATA results are ≤7.5% RA 
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or if the mean difference does not exceed ±0.7% CO2, then the next RATA can be 
performed on an annual basis rather than semiannually. 

The relative accuracy of the SO2 analyzer for the boiler stack was determined in 
accordance with 40 CFR, Part 75, Appendix A, Section 3.3.1.  The RATA results are 
acceptable if relative accuracy does not exceed 10.0% (semiannual criteria).  If the 10% 
RA cannot be met, and average SO2 concentration (as measured by the reference method) 
during the RATA is less than or equal to 250 ppm, then in accordance with 40 CFR Part 
75, Appendix B, Section 2.3.1.2(e), results are acceptable if the difference between the 
mean reference method and CEMS results does not exceed ±15 ppm.  Under the 
incentive program, if the RATA results are ≤ 7.5% RA or within ±12 ppm then the next 
RATA can be performed on an annual basis rather than semiannually. 

The relative accuracy of the NOX analyzer for the boiler stack was determined in 
accordance with 40 CFR, Part 75, Appendix A, Section 3.3.2.  The RATA results are 
acceptable if relative accuracy does not exceed 10.0% (semiannual criteria).  If the 
average of the reference method measurements of NOX emission rate during the relative 
accuracy test audit is less than or equal to 0.200 lb/mmBtu, the difference between the 
mean value of the continuous emission monitoring system measurement and the 
reference method mean value shall not exceed ±0.020 lb/mmBtu, wherever the relative 
accuracy specification of 10.0 percent is not achieved.  Under the incentive program, if 
the RATA results are ≤7.5% RA or ±0.015 lb/MMBtu then the next RATA can be 
performed on an annual basis rather than semiannually. 

The relative accuracy of the flow monitor for the boiler stack was determined in 
accordance with 40 CFR 75, Appendix A, Section 3.3.4.  The relative accuracy of the 
flow monitors should not exceed 10%.  Under the incentive program, if the RATA results 
are ≤7.5% then the next RATA can be performed on an annual basis rather than 
semiannually.  

The relative accuracy of the moisture content monitor for Unit 5 was determined in 
accordance with 40 CFR 75, Appendix A, Section 3.3.6.  Traverse points for each 
moisture RATA on Unit 5 was based upon the results of a 12-point stratification test for 
at least one pollutant or diluent, prior to the RATA, per §6.5.6.1, §6.5.6(a), and 
§6.5.6.3(b) of Appendix A to Part 75.  A single reference point, located at least 1.0 meter 
from the stack wall, was used.  The relative accuracy of the moisture monitor should not 
exceed 10%.  The relative accuracy test results are also acceptable if the difference 
between the mean value of the reference method measurements (in percent H2O) and the 
corresponding mean value of the moisture monitoring system measurements (in percent 
H2O), does not exceed ±1.5 percent H2O.  Under the incentive program, if the RATA 
results are ≤7.5% then the next RATA can be performed on an annual basis rather than 
semiannually.  
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4.4.4 Volumetric Flow Rate, Moisture Content, Emission Rates 

Volumetric flow rates was measured according to EPA Methods 1 and 2.  Molecular 
weight was determined by EPA Method 3.  Moisture content was measured according to 
EPA Method 4.  These methods are integral and run concurrently with the particulate 
matter emission tests.  Additional pitot tube/thermocouple traverses and moisture content 
sample trains were conducted for each flow RATA run. 

The calculation of volumetric flow rate from these measurements also requires the 
molecular weight of the stack gas, and therefore O2, CO2, and H2O measurements were 
used in conjunction with the velocity and temperature measurements.  Any moisture 
determinations consisted of two calculations; one based upon the saturated conditions, 
and another based upon impinger analysis, due to a saturated gas stream.  Measurements 
of stack temperature and pressure was collected and used to calculate the moisture 
content (by volume) at saturation.  The lesser of the impinger weight gain method and the 
calculated saturation was used for the primary result according to EPA Method 4. 

Emission rates in units of lb/MMBtu were calculated using equation F-5 in Appendix F to 
40 CFR, Part 75, where the value for F is equal to 9,780 dscf/MMBtu. 

4.4.5 Process Data 

The plant’s process instrumentation was used to document unit load conditions during the 
test runs.  The relative accuracy test audit reference method for each parameter was 
compared to the CEMS data and a relative accuracy was determined.  Process data 
presented in this report include gross megawatts (MW) produced and the CEMS outputs. 



Arizona Public Service Company, Four Corners Power Plant June 19, 2013 
Source Test Report: 2013 Source Evaluation Tests, Unit 5 

13078.2x R2 17 of 24  

SECTION 5.0 
 

DETAILED TEST RESULTS 

The results from the emissions tests are summarized and compared to their respective 
performance specifications in Section 1-1.  More detailed performance test data and 
relative accuracy test audit data can be found in this section. 

Additional information is included in the appendices.  Appendix A contains general 
descriptions of standard measurement procedures.  Appendix B presents the quality 
assurance information, including instrument calibration data.  Unit operating data and the 
CEMS data are included in Appendix C.  Appendix D presents the general and specific 
equations used for the emissions calculations and computer spreadsheets.  Appendix E 
includes the particulate matter laboratory report.  Appendix F includes the operating 
permit. 
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TABLE 5-1 
RELATIVE ACCURACY 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 5, HIGH LOAD 
CO2, % VOLUME DRY 

40 CFR PART 75 

RUN 
NUMBER DATE TIME AVOGADRO 

CEMS 
PLANT 
CEMS DIFFERENCE 

      Run 1 5/10/13 0838-0859 13.26 12.90 0.360 
Run 2 5/10/13 0914-0935 13.26 12.90 0.360 
Run 3 5/10/13 0952-1013 13.21 12.90 0.310 
Run 4 5/10/13 1041-1102 13.25 12.90 0.350 
Run 5 5/10/13 1119-1140 13.26 12.90 0.360 
Run 6 5/10/13 1156-1217 13.34 12.90 0.440 
Run 7 5/10/13 1242-1303 13.29 12.90 0.390 
Run 8 5/10/13 1320-1341 13.23 12.90 0.330 
Run 9 5/10/13 1400-1421 13.23 12.90 0.330 
Run 10 5/10/13 1435-1456 13.27 12.90 0.370 

            AVERAGES: 13.25 12.90 0.351 
      STANDARD DEVIATION:   0.024 

CONFIDENCE COEFFICIENT:   0.019 
RELATIVE ACCURACY (REFERENCE METHOD), %: 2.79 
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TABLE 5-2 
RELATIVE ACCURACY 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 5, HIGH LOAD 
NOX, LB/MMBTU 
40 CFR PART 75 

RUN 
NUMBER DATE TIME AVOGADRO 

CEMS 
PLANT 
CEMS DIFFERENCE 

      Run 1 5/10/13 0838-0859 0.546 0.551  -0.005  
Run 2 5/10/13 0914-0935 0.543 0.545  -0.002  
Run 3 5/10/13 0952-1013 0.541 0.543  -0.002  
Run 4 5/10/13 1041-1102 0.533 0.535  -0.002  
Run 5 5/10/13 1119-1140 0.539 0.538  0.001  
Run 6 5/10/13 1156-1217 0.534 0.536  -0.002  
Run 7 5/10/13 1242-1303 0.529 0.536  -0.007  
Run 8 5/10/13 1320-1341 0.534 0.539  -0.005  
Run 9 5/10/13 1400-1421 0.533 0.537  -0.004  
Run 10 5/10/13 1435-1456 0.528 0.536  -0.008  

            AVERAGES: 0.537  0.540  -0.003  
      BIAS ADJUSTMENT FACTOR:   1.000 

STANDARD DEVIATION:   0.002 
CONFIDENCE COEFFICIENT:   0.002 
RELATIVE ACCURACY (REFERENCE METHOD), %: 0.92 
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TABLE 5-3 
RELATIVE ACCURACY 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 5, HIGH LOAD 
SO2, PPM 

40 CFR PART 75 

RUN 
NUMBER DATE TIME AVOGADRO 

CEMS 
PLANT 
CEMS DIFFERENCE 

      Run 1 5/10/13 0838-0859 59.03 59.00 0.03 
Run 2 5/10/13 0914-0935 57.87 57.90 -0.03 
Run 3 5/10/13 0952-1013 55.80 55.00 0.80 
Run 4 5/10/13 1041-1102 55.55 53.60 1.95 
Run 5 5/10/13 1119-1140 53.50 51.50 2.00 
Run 6 5/10/13 1156-1217 55.43 51.80 3.63 
Run 7 5/10/13 1242-1303 55.19 54.20 0.99 
Run 8 5/10/13 1320-1341 52.67 50.90 1.77 
Run 9 5/10/13 1400-1421 53.59 51.40 2.19 
Run 10 5/10/13 1435-1456 54.85 51.30 3.55 

            AVERAGES: 55.34 53.87 1.472 
      STANDARD DEVIATION:   1.143 

CONFIDENCE COEFFICIENT:   0.878 
RELATIVE ACCURACY (RM), %   4.25 
RELATIVE ACCURACY (ABSOLUTE DIFFERENCE), ppm: 1.47 
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TABLE 5-4 
RELATIVE ACCURACY 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 5, HIGH LOAD 
H2O, PERCENT 
40 CFR PART 75 

RUN 
NUMBER DATE TIME AVOGADRO 

CEMS 
PLANT 
CEMS DIFFERENCE 

      Run 1 5/10/13 0838-0908 12.67 12.9 -0.23 
Run 2 5/10/13 0914-0944 13.73 12.9 0.83 
Run 3 5/10/13 0952-1022 13.92 13.2 0.72 
Run 4 5/10/13 1041-1111 13.14 13.1 0.04 
Run 5 5/10/13 1119-1149 13.10 13.4 -0.30 
Run 6 5/10/13 1156-1226 13.29 13.5 -0.21 
Run 7 5/10/13 1242-1312 12.76 13.3 -0.54 
Run 8 5/10/13 1320-1350 13.58 13.5 0.08 
Run 9 5/10/13 1401-1431 13.06 14.2 -1.14 
Run 10 5/10/13 1435-1505 12.72 13.8 -1.08 

            AVERAGES: 13.21 13.3 -0.08 
      STANDARD DEVIATION:   0.591 

CONFIDENCE COEFFICIENT:   0.455 
RELATIVE ACCURACY (REFERENCE METHOD), %: 4.03 
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TABLE 5-5 
RELATIVE ACCURACY 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 5, HIGH LOAD 
FLOW, DSCFH 

40 CFR PART 75 

RUN 
NUMBER DATE TIME AVOGADRO 

CEMS 
PLANT 
CEMS DIFFERENCE 

      Run 1 5/10/13 1010-1015 106,191,459 114,619,000  -8,427,541 
Run 2 5/10/13 1030-1035 106,680,665 113,578,000  -6,897,335 
Run 3 5/10/13 1050-1055 107,915,588 111,316,000  -3,400,412 
Run 4 5/10/13 1120-1125 106,180,945 111,999,000  -5,818,055 
Run 5 5/10/13 1200-1205 105,411,274 112,695,000  -7,283,726 
Run 6 5/10/13 1225-1230 106,210,969 112,957,000  -6,746,031 
Run 7 5/10/13 1310-1315 110,963,305 114,043,000  -3,079,695 
Run 8 5/10/12 1335-1340 109,666,887 114,118,000  -4,451,113 
Run 9 5/10/12 1350-1355 113,287,096 113,090,000  197,096 
Run 10 5/10/12 1420-1425 113,406,302 113,165,000  241,302 

            AVERAGES: 108,858,115  112,995,667  -4,137,552 
      STANDARD DEVIATION:   2,891,093 

CONFIDENCE COEFFICIENT:   2,222,287 
RELATIVE ACCURACY (REFERENCE METHOD), %: 5.84 
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TABLE 5-6 
EMISSIONS COMPLIANCE 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 5, HIGH LOAD 
PARTICULATE MATTER EMISSIONS RESULTS 

TEST NO.: 1-PM-5 2-PM-5 3-PM-5 AVERAGES 
     Date: 5/10/13 5/10/13 5/10/13 -- 
Time: 0838-0952 1006-1123 1135-1248 -- 
     Total Particulate Matter:     

gr/dscf 0.002  0.002  0.002  0.002  
lb/hr 32.9  24.7  30.0  29.2  
lb/MMBtu 0.004  0.003  0.004  0.004  
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REVIEW AND CERTIFICATION 

All work, calculations, and other activities and tasks performed and documented in this 
report were carried out by me or under my direction and supervision.  I hereby certify 
that to the best of my knowledge, Avogadro operated in conformance with the 
requirements of ASTM D7036-04 during this test project. 

Name: Jeff Hogan, QSTI  Title: Project Manager   

Sign:  Date:      

I have reviewed, technically and editorially, details, calculations, results, conclusions, and 
other appropriate written materials contained herein.  I hereby certify that to the best of 
my knowledge the presented material is authentic and accurate and conforms to the 
requirements of ASTM D7036-04. 

Name: Dan Duncan, QSTI  Title: Lab, IT and QA Director  

Sign:  Date:  

Int.__________ Int.__________ 

08/07/2013

08/07/2013

http://www.rightsignature.com/documents/U668HCJM6JXCW6ID4CPTBH
http://www.rightsignature.com/documents/U668HCJM6JXCW6ID4CPTBH
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SUMMARY INFORMATION 

Source Location: Four Corners Power Plant 
End of San Juan County Road 6675 
Fruitland, New Mexico 87416 

Source Information 

Site Contact: Mr. Carl Woolfolk 
Title: Environmental Section Leader 
Telephone: (505) 598-8459 

Regulatory Agency: Navajo Nation Environmental Protection Agency 
Responsible Official: Mr. David Bloomfield 
Title: Site Manager 
Telephone: (505) 598-8405 

Unit: Unit 4 

Purpose: To determine emissions of particulate matter and to audit the 
performance of the continuous emissions monitoring system 
serving Unit 4 in accordance with all applicable regulatory 
requirements, including but not limited to: 40 CFR Part 75, 40 
CFR Part 60 (Appendices A and B), 40 CFR §49.23, and the Title 
V Air Quality Permit 

Procedures: EPA 1, 2, 3A, 4, 5, 6C, 7E, and 19 
40 CFR Part 60 and Part 75 

Title V Permit No.: NN-ROP-05-07, issued August 1, 2008 

Test Dates: June 25-26, 2013 

Testing Firm: The Avogadro Group, LLC 

Testing Company Information 

 3001 S 35th Street, Suite C-2 2825 Verne Roberts Circle 
Phoenix, Arizona 85034 Antioch, California 94509 

Certification: AETB (ASTM D-7036), CARB Independent Tester 

Contact: Mr. Jeff Hogan Mr. Erick Mirabella 
Title: Project Manager Client Account Manager 
Telephone: (480) 423-7241 (925) 680-0935 
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SECTION 1.0 
 

INTRODUCTION 

The Avogadro Group, LLC (Avogadro) has been contracted by Arizona Public Service 
Company (APS) to perform a series of emission tests on five (5) pulverized coal-fired 
boilers at their Four Corners Power Plant (FCPP) facility in Fruitland, New Mexico.  The 
testing was conducted to determine emissions of particulate matter and to audit the 
performance of the continuous emissions monitoring system serving Unit 4 in accordance 
with all applicable regulatory requirements, including but not limited to:  40 CFR Part 75, 
40 CFR Part 60 (Appendices A and B), 40 CFR §49.23, and the Title V Air Quality 
Permit, issued by the Navajo Nation Environmental Protection Agency (NNEPA). 

This test report details the emissions tests performed for the coal-fired boiler designated 
as Unit 4. 

The tests were conducted by Jeffrey Hogan, Samuel Grucky, and Brandon Holloway of 
The Avogadro Group.  Tests on Unit 4 occurred June 25 through 26, 2013, and were 
conducted according to a test plan dated March 27, 2013 that was submitted to the 
NNEPA.  While previously notified of the testing program, no representative of the 
NNEPA was present during the emissions tests on Unit 4.  Avogadro performed the tests 
to measure the following emission parameters: 

• Relative Accuracy Test Audit (RATA) 
 Oxides of nitrogen (NOX as NO2), lb/MMBtu 
 Sulfur dioxide (SO2), ppm 
 Carbon dioxide (CO2), % by volume 
 Moisture content (H2O), % by volume 
 Volumetric flow rate, dscfh (at two loads – mid and high load) 

• Emissions Compliance Tests 
 Particulate matter (PM), lb/MMBtu 

• Supporting  Data 
 Oxygen and carbon dioxide (O2 and CO2), % by volume 
 Moisture content (H2O), % by volume 

This report presents the test results and supporting data, descriptions of the testing 
procedures, descriptions of the facility and sampling locations, and a summary of the 
quality assurance procedures used by Avogadro.  The results from the test program are 
summarized in Section 1.1.  Detailed results for the individual test runs can be found in 
Section 5.0 and in the appendices. 
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Additional information is included in the appendices.  Appendix A contains generic 
descriptions of standard measurement procedures.  Appendix B presents the quality 
assurance information, including instrument calibration data.  Raw field data are included 
in Appendix C, which includes Avogadro field data sheets and CEMS data as well as 
APS process data, CEMS data, and operator logs.  Appendix D presents the general and 
specific equations used for the emissions calculations and computer spreadsheets.  
Appendix E contains a copy of the particulate matter laboratory report.  A copy of the 
operating permit can be found in Appendix F. 

1.1 AVERAGE EMISSION TEST RESULTS 

The average emission test results for the RATA and particulate matter tests are presented 
in Tables 1-1 and 1-2, respectively.  Detailed results can be found in Section 5.0 and in 
the appendices. 

TABLE 1-1 
SUMMARY OF AVERAGE RATA RESULTS 

ARIZONA PUBLIC SERVICE COMPANY 
COAL-FIRED BOILER, UNIT 4 

JUNE 25-26, 2013 

PARAMETER RELATIVE 
ACCURACY PASS/FAIL 

   CO2 Analyzer:   
%, difference 0.30 PASS 1 

%, RM 2.19 PASS 1 
    NOX Analyzer:   

lb/MMBtu as NO2, % 4.52 PASS 1 
Bias adjustment factor 2 1.045 -- 

   SO2 Analyzer:   
ppm, difference 4.66 PASS 1 

   H2O Analyzer:   
moisture, % 4.83 PASS 1 

    Flow Analyzer:   
high-load, dscfh, % 2.03 PASS 1 
mid-load, dscfh, % 1.87 PASS 1 
   

1 Qualified for RATA incentive program (annual basis) according to 40 CFR, Part 75, Appendix B, Section 2.3.1.2.  
2 As the average difference between the values for NOX in lb/MMBtu was greater than the absolute value of the 

confidence coefficient, a bias adjustment is necessary as specified in 40 CFR, Part 75, Appendix A, Section 
7.6.5.  The bias factor is used for adjusting the NOX emission data for reporting. 
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TABLE 1-2 
SUMMARY OF AVERAGE PARTICULATE MATTER RESULTS 

ARIZONA PUBLIC SERVICE COMPANY 
COAL-FIRED BOILER, UNIT 4 

JUNE 26, 2013 

PARAMETER AVERAGE EMISSION 
LIMIT 

   Particulate Matter:   
lb/MMBtu 0.004 0.050 1 / 0.015 2 

   
1 Permit condition II.A(2)(b). 
2 Limit is a regulatory requirement as cited in 40 CFR 49.5512(i)(1) 
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SECTION 2.0 
 

TESTING CONTRACTOR 

The test program was conducted by The Avogadro Group, LLC.  Analysis of the 
particulate matter emission samples was conducted in Avogadro’s analytical laboratory.  
Avogadro contacts for the project are: 

• Project Manager: Jeff Hogan (480) 423-7241 
• Test Team Leader Samuel Grucky (480) 423-7243 
• Account Manager: Erick Mirabella (925) 680-0935 
• Laboratory Manager: Robert Odell (925) 680-4357 

Avogadro is a recognized independent contractor that has been approved to conduct 
emission source testing on behalf of the California Air Resources Board (CARB), 
pursuant to Section 91200-21220, Title 17, of the California Code of Regulations.  
Avogadro is an interim certified Air Emission Testing Body (AETB) as defined in 40 
CFR 72.2, conforming to ASTM D7036-04.  Certificates are provided in Appendix B of 
this test report.  Avogadro is a full service source testing and combustion engineering 
consulting firm with extensive experience in air quality management and pollution 
control. 

Avogadro provided a professional source test team to conduct the testing as described in 
this test report.  All RATA and performance tests were overseen and supervised on-site 
by at least one Qualified Individual, as defined in 40 CFR 72.2.  Table 2-1 lists the key 
test program personnel. 

TABLE 2-1 
TEST PROGRAM PERSONNEL 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

PERSONNEL TITLE ASSIGNMENT EXPERIENCE 
    Erick Mirabella Scientist IV Account Manager Since 1992 

Dan Duncan Engineer IV Quality Assurance Since 1987 
Robert Odell Scientist II Project Chemist Since 2006 

Samuel Grucky Scientist I Test Team Leader Since 2011 
Jeff Hogan Scientist III Project Manager Since 1996 

    



Arizona Public Service Company, Four Corners Power Plant August 6, 2013 
Source Test Report: 2013 Source Evaluation Tests, Unit 4 

13078.2x R2 5 of 24  

Mr. Jeff Hogan is the Project Manager for the air sampling activities at FCPP.  Mr. 
Hogan’s responsibilities included overseeing the execution and planning of all air 
sampling efforts, including testing, reporting, and project coordination.  His primary 
objective is to ensure that the results generated by this test program meets the 
expectations and requirements of both the regulatory agencies and FCPP. 

Mr. Samuel Grucky worked as Test Team Leader for the FCPP project and assisted Mr. 
Hogan in sampling activities on-site, data reduction, and reporting.  He ensured that all 
sampling activities and methodologies were being followed. 

Mr. Robert Odell is the Project Chemist.  Mr. Odell's responsibilities included 
management of the laboratory samples.  He ensured that the proper paperwork and 
samples reached the laboratory and that the laboratory efforts are in compliance with the 
EPA approved procedures.   

Mr. Dan Duncan is the Quality Assurance Officer for the project.  He reviewed and 
validated the test results, lab analyses, and the final report.  A summary of our standard 
QA/QC program is presented in Appendix B. 

Mr. Erick Mirabella acted as Account Manager for the project.  His responsibilities 
included oversight of all the project activities.  He ensured that each phase of the project 
had the resources necessary to meet the project objectives and the data quality objectives. 

The on-site activities also included technicians and other support personnel chosen based 
on specific experience of the methods used throughout the program.  The on-site 
technician for this project was Mr. Brandon Holloway.  Our website at 
www.avogadrogroup.com provides additional information on our company and personnel 
assigned to this project. 
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SECTION 3.0 
 

SOURCE LOCATION INFORMATION 

3.1 FACILITY DESCRIPTION 

Arizona Public Service Company (APS) operates the Four Corners Power Plant (FCPP).  
The facility includes five (5) pulverized coal-fired combustion engineering boilers.  APS 
owns Units 1, 2, and 3.  Units 4 and 5 are co-owned by six entities, including APS.  The 
facility is located in San Juan County, near Fruitland, New Mexico.  The Navajo Nation 
Environmental Protection Agency (NNEPA) issued the facility Title V Permit to Operate. 

FCPP has the capacity to generate 2,060 MW of electricity from all five boilers.  Units 1 
and 2 are rated at 170 megawatts (MW), Unit 3 is rated at 220 MW, and Units 4 and 5 are 
rated at 750 MW.  The units were constructed from 1963 to 1970.  In addition to 
combusting pulverized coal, the units may use natural gas (during startup and for flame 
stabilization) and/or a small amount of oil (used in addition to coal). 

Each boiler’s emissions are abated by various control methods.  Each boiler is equipped 
with a low NOX burner and SO2 control systems.  Sulfur dioxide is controlled using flue-
gas desulfurization (FGD) on all boilers.  Particulate matter emissions are controlled by 
Venturi scrubbers on Units 1, 2, and 3 and baghouses followed by wet vertical lime 
scrubbers on Units 4 and 5. 

Stack emissions are monitored via a dry-extractive continuous emissions monitoring 
system (CEMS) and ultrasonic stack flow monitoring system.  Each CEMS requires a 
RATA conducted in accordance with 40 CFR Parts 60 and 75.  Stack moisture for Units 
1, 2, and 3 are calculated from assuming saturation at stack temperatures.  Units 4 and 5 
measure stack moisture via a dry O2-wet O2 differential and are also equipped with a 
continuous opacity monitoring (COM) system. 

3.2 SAMPLING LOCATIONS 

The exhaust stacks from Units 4 and 5 are identical and circular.  Each stack meets EPA 
Method 1 requirements.  A diagram of the exhaust stack for Unit 4 is presented in 
Appendix C.1. 

Units 4 and 5 have sampling locations approximately 327 feet above the ground, inside.  
The inside stack diameters at the sample location are 29 feet.  The sample ports are 
located 180 feet (6.21 stack diameters) downstream from the inlet to the stacks and 53 
feet (1.83 stack diameters) upstream from the stack outlets.  There are 16 traverse points 
each for both the particulate and flow RATA tests. 
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Sample traverse point locations for the gaseous RATA runs on the unit were based on a 
preliminary traverse run of twelve points as described in 40 CFR Part 75, Appendix A, 
Section 6.5.6.3.  The results from the preliminary RATA stratification test determined 
that the stack gas was minimally stratified (each individual traverse point differed by no 
more than 5.0 percent from the arithmetic average concentration for all traverse points or 
by no more than 3 ppm from the average) and the following RATA runs were sampled at 
a single point located on one of the measurement lines at least 1.0 meter from the stack 
wall.   

Moisture RATA traverse points on Unit 4 was based upon the results of a twelve point 
stratification tests for at least one pollutant or diluent, prior to the RATA, per §6.5.6.1, 
§6.5.6(a), and §6.5.6.3(b) of Appendix A to Part 75.  A single reference point, located at 
least 1.0 meter from the stack wall, was used. 
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SECTION 4.0 
 

TEST DESCRIPTION 

4.1 PROGRAM OBJECTIVES 

The testing program was conducted to determine compliance with the emission limit 
conditions of the Title V Operating Permit, and to provide a relative accuracy test audit 
(RATA) of the CEMS at the Unit 4 outlet stack in accordance with all applicable 
regulatory requirements, including but not limited to:  40 CFR Part 75, 40 CFR Part 60 
(Appendices A and B), 40 CFR §49.23, and the Title V Air Quality Permit, issued by the 
Navajo Nation Environmental Protection Agency (NNEPA). 

This report presents the results of the emission tests and compares them to the applicable 
limits.  The results are reported in units that are consistent with the Title V Operating 
Permit limits.  This report also presents the results of the RATA in units consistent with 
the requirements of 40 CFR Part 60 and 75.  The applicable permit limit for particulate 
matter emissions for each boiler is summarized in Table 4-1. 

TABLE 4-1 
EMISSION LIMITS 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

COAL-FIRED BOILERS 

Applicable 
Sources Parameter Permit 

Condition Units Emission 
Limit 

Units 1, 2, 3, and 5 Particulate 
Matter (PM) II.A(2)(b) lb/MMBtu 0.050 

Unit 4* Particulate 
Matter (PM) -- lb/MMBtu 0.015* 

* Unit 4 PM limit is a regulatory requirement as cited in 40 CFR 49.5512(i)(1) 

4.2 TEST CONDITIONS 

The test conditions for Unit 4 varied according to test methodologies being conducted at 
the time.  Test conditions were established by APS personnel and documented with data 
from the process instrumentation.  This test program included a flow rate RATAs at mid- 
and high-load.  Since the boilers’ normal operations are subject to changes in atmospheric 
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and fuel conditions, operating parameters may vary slightly during the emission tests.  
Tables 4-2 and 4-3 detail the required test load conditions for RATAs and particulate 
matter tests. 

TABLE 4-2 
TEST CONDITION REQUIREMENTS 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

MEGAWATT LOAD FOR HIGH-LOAD RATAS AND PM TESTS 

BOILER UNIT LOAD LEVEL RATA PM TESTS 

4 High Load > 667 and ≤ 825 ≥ 742 

4 Mid Load > 450 and < 667 -- 

Note: All values in gross megawatts (MW). 

TABLE 4-3 
TEST CONDITION REQUIREMENTS 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 
OPERATING RANGE FOR RATAS 

RATA LOAD LEVEL OPERATION RANGE 

High-load > 60 % 

Mid-load > 30% and ≤ 60% 

Note: All values in percent range of operation. 

4.3 PROGRAM SCHEDULE 

The entire testing program for all five boilers was scheduled for completion in two 
business days (including set-up time).  Unit 4 was tested between June 25 and 26, 2013.  
The actual testing schedule for Unit 4 is presented in Table 4-4. 
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TABLE 4-4 
TESTING PROGRAM SCHEDULE 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

COAL-FIRED BOILER, UNIT 4 

DATE ACTIVITY /  
TEST PARAMETER 

TEST 
RUNS 

TEST RUN 
DURATION 

Monday 
June 24th, 2013 Travel -- -- 

Tuesday 
June 25th, 2013 

Set-up Unit 4 

Unit 4 (Mid load) 
O2, CO2, H2O 

Volumetric flow rate 

-- 
-- 

1 of 1 
1-10 of 10 

-- 
-- 

~60 minutes ea 
5 minutes ea 

Wednesday 
June 26th, 2013 

Unit 4 (high load) 
O2, CO2, NOX, SO2 

PM 
Volumetric flow rate 

H2O 

 
1-10 of 10 

FB, 1, 2, 3 of 3 
1-10 of 10 
1-10 of 10 

 
21 minutes ea 
120 minutes ea 
5 minutes ea 
21 minutes ea 

4.4 TEST PROCEDURES 

The test procedures for this testing program are summarized in Table 4-5.  Generic 
descriptions of standard procedures are included in Appendix A.  Additional information 
on specific applications or modifications to standard procedures is presented in the 
following sub-sections.  Where any conflicts exist in the descriptions, the specific 
descriptions here in Section 4.4 will take precedence. 
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TABLE 4-5 
TEST PROCEDURES 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

COAL-FIRED BOILERS 

TEST 
PARAMETER 

REFERENCE 
METHOD 

ANALYTICAL  
APPROACH 

DETECTION  
LIMITS 

O2 EPA 3A Paramagnetism < 2% of full scale 
CO2 EPA 3A Non-dispersive infrared < 2% of full scale 
NOX EPA 7E Chemiluminescence < 2% of full scale 
SO2 EPA 6C Ultraviolet absorption < 2% of full scale 
PM EPA 5 Gravimetric filtration (F½) ~ 0.0002 gr/dscf 

CEMS RATA 40CFR60 
40CFR75 

Calculation of relative 
accuracy from test runs -- 

Stack gas velocity EPA 1, 2 Pitot/temperature traverse -- 
Moisture content EPA 4 Impinger weight gain -- 
Emission rates EPA 19 Fuel flow and heat input -- 

4.4.1 Gaseous Emissions 

Concentrations of the gaseous constituents of the stack gas (NOX, SO2, O2 and CO2) were 
measured using Avogadro’s dry extractive continuous emissions monitor (CEM) system 
described in Appendix A.  This system meets the requirements of the EPA methods for 
gaseous species. 

A heated Teflon line and chilled knockout system were used to prevent loss of SO2 and 
NO2 in the sampling system.  The NOX analyzer was operated in the NOX mode to 
measure NO plus NO2.  A molybdenum catalyst converter was used to convert NO2 to 
NO for measurement of total NOX.  The converter efficiency was checked and 
documented as described in EPA Method 7E. 

The sample conditioning and delivery system includes components to extract a 
representative sample from the source, remove the moisture and particulate matter from 
the sample stream, and transport the sample to the analyzers.  The primary components of 
this subsystem are: 

1) A sampling probe of quartz, stainless steel, titanium or glass tubing - 
heated or insulated as necessary to avoid condensation, 
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2) Sample filtration – filters located on the probe, pump, and prior to all of 
the analyzers for removal of particulate matter, 

3) Teflon tubing - connecting the probe to the sample conditioner and the 
sample conditioner to the analyzer manifold - heated or insulated as 
necessary to avoid condensation, 

4) Sample conditioner - glass or stainless steel flasks immersed in an ice bath 
to remove the moisture from the sample gas stream, 

5) Vacuum pump - a leak-free pump with Teflon diaphragm to transport the 
sample gas through the system, 

6) Sample manifold - a distribution system, constructed of stainless steel and 
Teflon tubing, to direct sample gas to the analyzers, and 

7) Sample flow rate control - a series of rotameters, vacuum gauges and 
pressure gauges connected to the manifold used to maintain the 
appropriate sample flow rates. 

The calibration gas system utilizes EPA protocol gases to verify the operation, linearity, 
and range settings of the electronic analyzers.  The sample gas system allows for the 
introduction of the protocol gases to the analyzers either directly through the manifold 
(calibration error check - performed once daily) or through the sampling system (system 
bias check - performed with each run). 

The electronic analyzers are usually rack-mounted and are maintained in the mobile lab, 
though equipment configuration differed slightly for each sampling location type.  
Avogadro determined it was appropriate to use a portable CEM system for gaseous 
sampling, which was transported to the exhaust stack sample platform to reduce sampling 
response time.  The data recording and acquisition system is based on a digital system 
known as MoleDAQ.  It includes software for controlling the collection of calibration and 
emission monitoring data, and hardware for connection of the analyzer outputs to the 
recording system.  The system recorded data points every six seconds.  One minute 
averages of those data points are provided for the gaseous test runs. 

4.4.2 Particulate Matter 

Emissions of total particulate matter (PM) were measured using EPA Method 5.  
Triplicate test runs, each 120 minutes in duration, were performed on Unit 4.  A 
minimum of 60 dscf was extracted and collected from the exhaust stack per test run.  The 
sampling apparatus included a heated sampling probe attached to an oven containing a 
heated glass filter holder and filter.  The filter holder was connected by a length of Teflon 
tubing to the impinger train.  The impinger train was connected to the control box, which 
contained the sampling pump and dry gas meter.  The sampling rate and nozzle size were 
chosen to allow isokinetic sampling to within ten percent of true isokinetic. 
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The filterable “front-half” PM was recovered from the sampling apparatus as described in 
Method 5.  The sample included the probe and nozzle wash, filter, and rinses from the 
front-half of the filter holder.  The sample was analyzed gravimetrically to determine the 
concentration of filterable PM. 

4.4.3 Relative Accuracy Test Audits 

Results of a relative accuracy test audit (RATA) were used to audit the performance of 
the continuous emissions monitoring system (CEMS) serving the boiler stack.  Avogadro 
performed the tests to determine the relative accuracy in units of ppm volume dry 
(ppmvd) for the SO2 analyzer, lb/MMBtu for the NOX analyzer, standard cubic feet per 
hour (dscfh) for the flow monitor, and percent by volume (%) for the CO2 and H2O 
analyzers. 

Ten gaseous sample runs for sulfur dioxide (SO2), nitrogen oxides (NOX), carbon dioxide 
(CO2), and flue-gas moisture (H2O) RATA runs were performed, with each run 21 
minutes in duration.  Additionally, the H2O RATA runs were run with the intention of 
collecting at least 21 dry standard cubic feet.  Due to the low barometric pressure, some 
runs collected slightly less than that.  Flow RATA run lengths were at least five minutes 
in duration. 

The volumetric flow rate RATAs were run at two load conditions (high and mid).  The 
calculation of volumetric flow rate from these measurements also requires the molecular 
weight of the stack gas, and therefore O2, CO2, and H2O measurements were used in 
conjunction with the velocity and temperature measurements.  A single 30-minute test 
run for O2, CO2, and H2O determination was performed for every clock hour of a flow 
RATA or for every three flow RATA runs.  

For each reference method (RM) determination, the flue gas was sampled at the 
applicable number of traverse points.  The differences between the RM sample and the 
pollutant monitor's readings were evaluated from nine sets of paired monitor and RM test 
data.  From these differences, the 95% confidence coefficient was calculated, and the 
relative accuracy determined.  The results of any tests not included in the calculations for 
the determination of relative accuracy are included in this report. 

The relative accuracy of the CO2 analyzer for the boiler stack was determined in 
accordance with 40 CFR, Part 75, Appendix A, Section 3.3.3.  The CO2 for each stack is 
actually calculated from dry O2 measurements and converted via equation F-14a in 
Appendix F to Part 75, where FC equals 1,800 scf-CO2/MMBtu and F equals 9,780 
dscf/MMBtu.  The CO2 RATA results are acceptable if relative accuracy (RA) does not 
exceed 10.0% (semiannual criteria).  Alternately, results are acceptable if the mean 
difference of the CO2 monitor measurements and the corresponding RM measurements 
are within ±1.0% CO2.  Under the incentive program, if the RATA results are ≤7.5% RA 
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or if the mean difference does not exceed ±0.7% CO2, then the next RATA can be 
performed on an annual basis rather than semiannually. 

The relative accuracy of the SO2 analyzer for the boiler stack was determined in 
accordance with 40 CFR, Part 75, Appendix A, Section 3.3.1.  The RATA results are 
acceptable if relative accuracy does not exceed 10.0% (semiannual criteria).  If the 10% 
RA cannot be met, and average SO2 concentration (as measured by the reference method) 
during the RATA is less than or equal to 250 ppm, then in accordance with 40 CFR Part 
75, Appendix B, Section 2.3.1.2(e), results are acceptable if the difference between the 
mean reference method and CEMS results does not exceed ±15 ppm.  Under the 
incentive program, if the RATA results are ≤ 7.5% RA or within ±12 ppm then the next 
RATA can be performed on an annual basis rather than semiannually. 

The relative accuracy of the NOX analyzer for the boiler stack was determined in 
accordance with 40 CFR, Part 75, Appendix A, Section 3.3.2.  The RATA results are 
acceptable if relative accuracy does not exceed 10.0% (semiannual criteria).  If the 
average of the reference method measurements of NOX emission rate during the relative 
accuracy test audit is less than or equal to 0.200 lb/mmBtu, the difference between the 
mean value of the continuous emission monitoring system measurement and the 
reference method mean value shall not exceed ±0.020 lb/mmBtu, wherever the relative 
accuracy specification of 10.0 percent is not achieved.  Under the incentive program, if 
the RATA results are ≤7.5% RA or ±0.015 lb/MMBtu then the next RATA can be 
performed on an annual basis rather than semiannually. 

The relative accuracy of the flow monitor for the boiler stack was determined in 
accordance with 40 CFR 75, Appendix A, Section 3.3.4.  The relative accuracy of the 
flow monitors should not exceed 10%.  Under the incentive program, if the RATA results 
are ≤7.5% then the next RATA can be performed on an annual basis rather than 
semiannually.  

The relative accuracy of the moisture content monitor for Unit 4 was determined in 
accordance with 40 CFR 75, Appendix A, Section 3.3.6.  Traverse points for each 
moisture RATA on Unit 4 was based upon the results of a 12-point stratification test for 
at least one pollutant or diluent, prior to the RATA, per §6.5.6.1, §6.5.6(a), and 
§6.5.6.3(b) of Appendix A to Part 75.  A single reference point, located at least 1.0 meter 
from the stack wall, was used.  The relative accuracy of the moisture monitor should not 
exceed 10%.  The relative accuracy test results are also acceptable if the difference 
between the mean value of the reference method measurements (in percent H2O) and the 
corresponding mean value of the moisture monitoring system measurements (in percent 
H2O), does not exceed ±1.5 percent H2O.  Under the incentive program, if the RATA 
results are ≤7.5% then the next RATA can be performed on an annual basis rather than 
semiannually.  



Arizona Public Service Company, Four Corners Power Plant August 6, 2013 
Source Test Report: 2013 Source Evaluation Tests, Unit 4 

13078.2x R2 15 of 24  

4.4.4 Volumetric Flow Rate, Moisture Content, Emission Rates 

Volumetric flow rates was measured according to EPA Methods 1 and 2.  Molecular 
weight was determined by EPA Method 3.  Moisture content was measured according to 
EPA Method 4.  These methods are integral and run concurrently with the particulate 
matter emission tests.  Additional pitot tube/thermocouple traverses and moisture content 
sample trains were conducted for each flow RATA run. 

The calculation of volumetric flow rate from these measurements also requires the 
molecular weight of the stack gas, and therefore O2, CO2, and H2O measurements were 
used in conjunction with the velocity and temperature measurements.  Any moisture 
determinations consisted of two calculations; one based upon the saturated conditions, 
and another based upon impinger analysis, due to a saturated gas stream.  Measurements 
of stack temperature and pressure was collected and used to calculate the moisture 
content (by volume) at saturation.  The lesser of the impinger weight gain method and the 
calculated saturation was used for the primary result according to EPA Method 4. 

Emission rates in units of lb/MMBtu were calculated using equation F-5 in Appendix F to 
40 CFR, Part 75, where the value for F is equal to 9,780 dscf/MMBtu. 

4.4.5 Process Data 

The plant’s process instrumentation was used to document unit load conditions during the 
test runs.  The relative accuracy test audit reference method for each parameter was 
compared to the CEMS data and a relative accuracy was determined.  Process data 
presented in this report include gross megawatts (MW) produced and the CEMS outputs. 
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SECTION 5.0 
 

DETAILED TEST RESULTS 

The results from the emissions tests are summarized and compared to their respective 
performance specifications in Section 1-1.  More detailed performance test data and 
relative accuracy test audit data can be found in this section. 

Additional information is included in the appendices.  Appendix A contains general 
descriptions of standard measurement procedures.  Appendix B presents the quality 
assurance information, including instrument calibration data.  Unit operating data and the 
CEMS data are included in Appendix C.  Appendix D presents the general and specific 
equations used for the emissions calculations and computer spreadsheets.  Appendix E 
includes the particulate matter laboratory report.  Appendix F includes the operating 
permit. 
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TABLE 5-1 
RELATIVE ACCURACY 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 4, HIGH LOAD 
CO2, % VOLUME DRY 

40 CFR PART 75 

RUN 
NUMBER DATE TIME AVOGADRO 

CEMS 
PLANT 
CEMS DIFFERENCE 

      Run 1 6/26/13 1008-1029 13.7 13.4 0.3 
Run 2 6/26/13 1045-1106 13.7 13.4 0.3 
Run 3 6/26/13 1118-1139 13.7 13.4 0.3 
Run 4 6/26/13 1151-1212 13.7 13.4 0.3 
Run 5 6/26/13 1240-1301 13.7 13.4 0.3 
Run 6 6/26/13 1312-1333 13.7 13.4 0.3 
Run 7 6/26/13 1343-1404 13.7 13.4 0.3 
Run 8 6/26/13 1423-1444 13.7 13.4 0.3 
Run 9 6/26/13 1502-1523 13.7 13.4 0.3 
Run 10 6/26/13 1536-1557 13.7 13.4 0.3 

            AVERAGES: 13.7 13.4 0.3 
      STANDARD DEVIATION:   0.000 

CONFIDENCE COEFFICIENT:   0.000 
RELATIVE ACCURACY (ABSOLUTE DIFFERENCE), %: 0.30 
RELATIVE ACCURACY (REFERENCE METHOD), %: 2.19 
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TABLE 5-2 
RELATIVE ACCURACY 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 4, HIGH LOAD 
NOX, LB/MMBTU 
40 CFR PART 75 

RUN 
NUMBER DATE TIME AVOGADRO 

CEMS 
PLANT 
CEMS DIFFERENCE 

      Run 1 6/26/13 1008-1029 0.570 0.543  0.027  
Run 2 6/26/13 1045-1106 0.581 0.556  0.025  
Run 3 6/26/13 1118-1139 0.588 0.560  0.028  
Run 4 6/26/13 1151-1212 0.589 0.564  0.025  
Run 5 6/26/13 1240-1301 0.592 0.569  0.023  
Run 6 6/26/13 1312-1333 0.582 0.561  0.021  
Run 7 6/26/13 1343-1404 0.589 0.563  0.026  
Run 8 6/26/13 1423-1444 0.590 0.566  0.024  
Run 9 6/26/13 1502-1523 0.578 0.552  0.026  
Run 10 6/26/13 1536-1557 0.585 0.558  0.027  

            AVERAGES: 0.584  0.559  0.025  
      BIAS ADJUSTMENT FACTOR:   1.045 

STANDARD DEVIATION:   0.002 
CONFIDENCE COEFFICIENT:   0.002 
RELATIVE ACCURACY (REFERENCE METHOD), %: 4.52 
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TABLE 5-3 
RELATIVE ACCURACY 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 4, HIGH LOAD 
SO2, PPM 

40 CFR PART 75 

RUN 
NUMBER DATE TIME AVOGADRO 

CEMS 
PLANT 
CEMS DIFFERENCE 

      Run 1 6/26/13 1008-1029 48.9 47.4 1.5 
Run 2 6/26/13 1045-1106 47.5 43.3 4.2 
Run 3 6/26/13 1118-1139 46.9 40.6 6.3 
Run 4 6/26/13 1151-1212 45.6 38.4 7.2 
Run 5 6/26/13 1240-1301 43.1 35.8 7.3 
Run 6 6/26/13 1312-1333 42.5 34.6 7.9 
Run 7 6/26/13 1343-1404 43.6 35.6 8.0 
Run 8 6/26/13 1423-1444 38.4 38.3 0.1 
Run 9 6/26/13 1502-1523 46.5 42.3 4.2 
Run 10 6/26/13 1536-1557 45.7 42.5 3.2 

            AVERAGES: 45.0 40.4 4.7 
      STANDARD DEVIATION:   2.737 

CONFIDENCE COEFFICIENT:   2.104 
RELATIVE ACCURACY (ABSOLUTE DIFFERENCE), ppm: 4.66 
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TABLE 5-4 
RELATIVE ACCURACY 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 4, HIGH LOAD 
H2O, PERCENT 
40 CFR PART 75 

RUN 
NUMBER DATE TIME AVOGADRO 

CEMS 
PLANT 
CEMS DIFFERENCE 

      Run 1 6/26/13 1008-1029 13.3 13.4 -0.1 
Run 2 6/26/13 1045-1106 13.0 13.6 -0.6 
Run 3 6/26/13 1118-1139 13.0 13.5 -0.5 
Run 4 6/26/13 1151-1212 13.4 13.5 -0.1 
Run 5 6/26/13 1240-1301 13.0 13.8 -0.8 
Run 6 6/26/13 1312-1333 13.1 14.0 -0.9 
Run 7 6/26/13 1343-1404 13.3 13.9 -0.6 
Run 8 6/26/13 1423-1444 13.3 13.9 -0.6 
Run 9 6/26/13 1502-1523 13.5 13.8 -0.3 
Run 10 6/26/13 1536-1557 13.4 13.9 -0.5 

            AVERAGES: 13.2 13.7 -0.5 
      STANDARD DEVIATION:   0.240 

CONFIDENCE COEFFICIENT:   0.185 
RELATIVE ACCURACY (REFERENCE METHOD), %: 4.83 
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TABLE 5-5 
RELATIVE ACCURACY 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 4, HIGH LOAD 
FLOW, DSCFH 

40 CFR PART 75 

RUN 
NUMBER DATE TIME AVOGADRO 

CEMS 
PLANT 
CEMS DIFFERENCE 

      Run 1 6/26/13 0958-1010 105,883,449 103,398,000  2,485,449 
Run 2 6/26/13 1019-1028 102,681,296 103,932,000  -1,250,704 
Run 3 6/26/13 1120-1130 103,253,043 104,507,000  -1,253,957 
Run 4 6/26/13 1228-1238 102,681,462 104,308,000  -1,626,538 
Run 5 6/26/13 1239-1246 102,641,016 105,121,000  -2,479,984 
Run 6 6/26/13 1247-1252 102,591,705 105,997,000  -3,405,295 
Run 7 6/26/13 1322-1333 103,616,843 104,889,000  -1,272,157 
Run 8 6/26/13 1334-1346 103,076,160 104,616,000  -1,539,840 
Run 9 6/26/13 1500-1507 103,101,347 104,067,000  -965,653 
Run 10 6/26/13 1508-1516 103,351,222 104,753,000  -1,401,778 

            AVERAGES: 103,365,093  104,399,000  -1,033,907 
STANDARD DEVIATION:   1386378.3 
CONFIDENCE COEFFICIENT:   1065662.8 
RELATIVE ACCURACY (REFERENCE METHOD), %: 2.03 
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TABLE 5-6 
RELATIVE ACCURACY 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 4, MID LOAD 
FLOW, DSCFH 

40 CFR PART 75 

RUN 
NUMBER DATE TIME AVOGADRO 

CEMS 
PLANT 
CEMS DIFFERENCE 

      Run 1 6/25/13 2237-2242 86,279,652 85,260,000  1,019,652 
Run 2 6/25/13 2248-2253 86,481,492 84,622,000  1,859,492 
Run 3 6/25/13 2254-2300 86,391,090 84,851,000  1,540,090 
Run 4 6/25/13 2305-2310 86,509,053 84,695,000  1,814,053 
Run 5 6/25/13 2311-2316 86,457,988 84,843,000  1,614,988 
Run 6 6/25/13 2317-2322 86,737,429 85,475,000  1,262,429 
Run 7 6/25/13 2326-2331 86,528,480 85,502,000  1,026,480 
Run 8 6/25/13 2332-2337 86,733,289 85,151,000  1,582,289 
Run 9 6/25/13 2338-2343 86,860,249 85,696,000  1,164,249 
Run 10 6/25/13 2344-2350 86,684,201 86,473,000  211,201 

            AVERAGES: 86,575,714  85,327,333  1,248,381 
      STANDARD DEVIATION:   479002.9 

CONFIDENCE COEFFICIENT:   368193.6 
RELATIVE ACCURACY (REFERENCE METHOD), %: 1.87 
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TABLE 5-7 
EMISSIONS COMPLIANCE 

ARIZONA PUBLIC SERVICE COMPANY 
FOUR CORNERS POWER PLANT 

UNIT 4, HIGH LOAD 
PARTICULATE MATTER EMISSIONS RESULTS 

TEST NO.: 1-PM-4 2-PM-4 3-PM-4 AVERAGES 
     Date: 6/26/2013 6/26/2013 6/26/2013 -- 
Time: 0948-1151 1203-1407 1421-1626 -- 
     Total Particulate Matter:     

gr/dscf 0.002  0.003  0.001  0.002  
lb/hr 22.89  41.08  21.38  28.45  
lb/MMBtu 0.003  0.005  0.003  0.004  
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RBLCID FACILITY NAME
CORPORATE 

OR COMPANY 
NAME

FACILITY 
COUNTY

FACILITY 
STATE

PERMIT 
ISSUANCE 

DATE
FACILITY DESCRIPTION PROCESS NAME PRIMARY 

FUEL THROUGHPUT THROUGHPUT 
UNIT

CONTROL METHOD 
DESCRIPTION

EMISSION  
LIMIT

EMISSION 
LIMIT UNIT

CASE-BY-CASE 
BASIS Analysis and Comments

SC-0104
SANTEE COOPER 
CROSS GENERATING 
STATION

SANTEE 
COOPER BERKELEY SC 2/5/2004 ELECTRIC UTILITY BOILER, NO. 3 

AND NO. 4
BITUMINOUS 

COAL                 5,700 MMBTU/H
Unit 3 has cold side 
ESP, SCR and wet 
scrubber.

0.00140 LB/MMBTU Other Case-by-
Case

Unit 3 stack tests (01/16-01-19/2007) 
showed emissions at 0.00021 lb/MMBtu.  
December 2006 stack tests on Units 1 
and 2 showed both units at 0.00040 
lb/MMBtu

OK-0118 HUGO GENERATING 
STA

WESTER 
FARMERS 
ELECTRIC 
CCOP

CHOCTAW OK 2/9/2007 COAL-FIRED STEAM EGU BOILER (HU-
UNIT 2)

PULVERIZED 
COAL FIRED 
ELECTRIC 
GENERATING 
UNIT

COAL                    750 MW SCR, BAGHOUSE, WET 
FGD 0.00370 LB/MMBTU BACT-PSD

The project was cancelled.  This emission 
rate has not been demonstrated as 
achieved in practice.

TX-0585
TENASKA 
TRAILBLAZER 
ENERGY CENTER

TENASKA 
TRAILBLAZER 
PARTNERS LLC

NOLAN TX 12/30/2010 Coal-fired electric generating facility Coal-fired Boiler
Sub-

bituminous 
coal

                8,307 MMBTU/H Wet scrubber 0.00370 LB/MMBTU BACT-PSD
Construction has not started.  Therefore, 
this emission rate has not been 
demonstrated as achieved in practice..

Not 
Applicable

Desert Rock 
Generating Station

Public Service 
Company of New 

Mexico
NM Jul-08 1,500 MW coal fired power plant Coal-fired Boiler Coal Wet Scrubber 0.00400 LB/MMBTU BACT-PSD

The project was cancelled.  This emission 
rate has not been demonstrated as 
achieved in practice.

MI-0389
KARN WEADOCK 
GENERATING 
COMPLEX

CONSUMERS 
ENERGY BAY MI 12/29/2009

ELECTRICITY GENERATING 
FACILITY, EXISTING CAPACITY 
GREATER THAN 2,000 MW.

BOILER
PRB COAL 
OR 50/50 
BLEND

                8,190 MMBTU/H
HYDRATED LIME 
INJECTION AND WET 
FGD

0.00400 LB/MMBTU BACT-PSD
The project was cancelled.  This emission 
rate has not been demonstrated as 
achieved in practice.

UT-0065

INTERMOUNTAIN 
POWER 
GENERATING 
STATION - UNIT #3

INTERMOUNTAI
N POWER 
SERVICE 
CORPORATION

MILLARD UT 10/15/2004

NEW PULVERIZED COAL FIRED 
ELECTRIC GENERATING UNIT #3, 
DESIGNED AT 950-GROSS MW (900-
NETMW) WITH A DRY BOTTOM, 
TANGENTIALLY FIRED OR WALL-
FIRED BOILER.  UNIT #3 BOILER WILL 
BE EQUIPPED WITH WET FLUE GAS 
DESULPHURIZATION, LNB, OVER 
FIRE AIR, SELECTIVE CATALYTIC 
REDUCTION AND BAGHOUSES FOR 
CONTROL OF VARIOUS EMISSIONS.  
THE EXISTING PLANT HAS TWO 
DRUM-TYPE, PULVERIZED COAL 
FIRED BOILERS, DESIGNATED AS 
UNIT 1 AND UNIT 2, EACH WITH 950-
GROSS MW

PULVERIZED 
COAL FIRED 
ELECTRIC 
GENERATING 
UNIT

BITUMINOUS 
OR BLEND                    950 MW-gross

BAGHOUSE/FABRIC 
FILTER AND WET 
FLUE GAS 
DESULPHURIZATION

0.00440 LB/MMBTU BACT-PSD
The project was cancelled.  This emission 
rate has not been demonstrated as 
achieved in practice.

Not 
Applicable Cliffside Unit 6 Duke Rutherfird NC 1/29/2008 Supercritical PC Unit 6 High S coal                   800 MW Spry dryer absorber, 

baghouse, wet FGD 0.0050 LB/MMBTU BACT-PSD Initial stack test result:   0.0010 lb/MMBtu

*MI-0399 DETROIT EDISON--
MONROE

DETROIT 
EDISON MONROE MI 12/21/2010 Utility--Coal fired power plant Boiler Units 1, 2, 3 

and 4 Coal                 7,624 MMBTU/HR ESPs and wet flue gas 
desulfurization. 0.00500 LB/MMBTU BACT-PSD Constructed

Not 
Applicable

Prairie State 
Generation Station

Prairie State 
Generating 
Company

Washington MO 12/28/2005 Two power boilers with 1,500 MW total 
capacity burning high sulfur coal

Two pulverized coal 
fired boilers Coal                 7,450 MMBtu/hr each SCR, ESP, Wet FGD, 

Wet ESP 0.00500 lb/MMBtu BACT-PSD Constructed

OH-0310

AMERICAN 
MUNICIPAL POWER 
GENERATING 
STATION

AMERICAN 
MUNICIPAL 
POWER

MEIGS OH 10/8/2009

TWO 5191 MMBTU/HOUR 
PULVERIZED COAL-FIRED BOILERS; 
ONE 150 MMBTU/HOUR NATURAL 
GAS AUXILIARY BOILER, ONE FLY 
ASH AND GYPSUM LANDFILL, COAL 
STORAGE, CRUSHERS, FERTILIZER 
PLANT, LIMESTONE AND FLY ASH 
HANDLING EQUIPMENT, AND 
COOLING CELLS.

BOILER (2), 
PULVERIZED 
COAL FIRED

PULVERIZED 
COAL                 5,191 MMBTU/H WET FLUE GAS 

DESULFURIZATION 0.0075 LB/MMBTU BACT-PSD Canceled

Not 
Applicable

ELM ROAD 
GNEERATING 
STATION

WE ENERGY WI January 2004 
and 5/31/2011 TWO PC UNITS, 615 MW EACH PC COAL FIRED 

BOILERS
EASTERN 

COAL                 6,180 MMBTU/HR 
EACH

SCR, BAGHOUSE, WET 
FGD, WET ESP 0.01000 LB/MMBTU BACT-PSD Stack test 2010:  0.0029 lb/MMBtu

Table B-1 Sulfuric Acid Mist Emission Limits for Coal Fired Boilers
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RBLCID FACILITY NAME CORPORATE OR 
COMPANY NAME

FACILITY 
STATE

PERMIT 
ISSUANCE 

DATE
PROCESS NAME PRIMARY 

FUEL
THROUG

HPUT
THROUGHPUT 

UNIT POLLUTANT CONTROL METHOD 
DESCRIPTION

EMISSION  
LIMIT

EMISSION 
LIMIT UNIT

Averaging 
Time

CASE-BY-CASE 
BASIS

*MI-0400 WOLVERINE POWER
WOLVERINE POWER 
SUPPLY 
COOPERATIVE, INC.

MI 6/29/2011 2 Circulating Fluidized Bed 
Boilers (CFB1 &amp; CFB2) Petcoke/coal 3030 MMBTU/H EACH Particulate matter, 

total; 2.5 µ (TPM2.5) Pulse jet fabric filter 0.024 LB/MMBTU
EACH; TEST 
PROTOCOL; 
BACT

BACT-PSD

*MI-0400 WOLVERINE POWER
WOLVERINE POWER 
SUPPLY 
COOPERATIVE, INC.

MI 6/29/2011 2 Circulating Fluidized Bed 
Boilers (CFB1 &amp; CFB2) Petcoke/coal 3030 MMBTU/H EACH Particulate matter, 

total; 10 µ (TPM10) Pulset jet fabric filter 0.026 LB/MMBTU EACH; TEST 
PROTOCOL BACT-PSD

TX-0585 TENASKA TRAILBLAZER 
ENERGY CENTER

TENASKA 
TRAILBLAZER 
PARTNERS LLC

TX 12/30/2010 Coal-fired Boiler
Sub-
bituminous 
coal

8307 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

Fabric Filter 0.012 LB/MMBTU 12-MONTH 
ROLLING AVG BACT-PSD

TX-0585 TENASKA TRAILBLAZER 
ENERGY CENTER

TENASKA 
TRAILBLAZER 
PARTNERS LLC

TX 12/30/2010 Coal-fired Boiler
Sub-
bituminous 
coal

8307 MMBTU/H Particulate matter, 
total; 10 µ (TPM10) Fabric filter and wet scrubber 0.025 LB/MMBTU 12-MONTH 

ROLLING AVG BACT-PSD

*MI-0399 DETROIT EDISON--
MONROE DETROIT EDISON MI 12/21/2010 Boiler Units 1, 2, 3 and 4 Coal 7624 MMBTU/HR Particulate matter, 

filterable (FPM)
ESPs and wet flue gas 
desulfurization. 0.011 LB/MMBTU

EACH, TEST/ 
OR 24H 
ROLL.AVG. IF 
PM CEMS

BACT-PSD

*MI-0399 DETROIT EDISON--
MONROE DETROIT EDISON MI 12/21/2010 Boiler Units 1, 2, 3 and 4 Coal 7624 MMBTU/HR Particulate matter, 

total; 10 µ (TPM10)
ESPs and wet flue gas 
desulfurization. 0.024 LB/MMBTU EACH, TEST BACT-PSD

TX-0577 WHITE STALLION 
ENERGY CENTER

WHITE STALLION 
ENERGY CENTER, 
LLC

TX 12/16/2010 CFB BOILER COAL & PET 
COKE 3300 MMBTU/H Particulate matter, 

filterable (FPM) BAGHOUSE 0.010 LB PM 
FILT/MMBTU 3-HR BACT-PSD

TX-0577 WHITE STALLION 
ENERGY CENTER

WHITE STALLION 
ENERGY CENTER, 
LLC

TX 12/16/2010 CFB BOILER COAL & PET 
COKE 3300 MMBTU/H Particulate matter, 

total (TPM)
LSD, ACTIVATED CARBON, 
BAGHOUSE 0.018 LB PM 

TOT/MMBTU 3-HR COAL BACT-PSD

TX-0554 COLETO CREEK UNIT 2 COLETO CREEK TX 5/3/2010 Coal-fired Boiler Unit 2 PRB coal 6670 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

fabric filter 0.012 LB/MMBTU
ANNUAL / 
BASED ON 
STACK TEST

BACT-PSD

TX-0554 COLETO CREEK UNIT 2 COLETO CREEK TX 5/3/2010 Coal-fired Boiler Unit 2 PRB coal 6670 MMBTU/H Particulate matter, 
total (TPM)

fabric filter, spray dry 
adsorber for acid gases 0.025 LB/MMBTU ANNUAL / 

STACK TEST BACT-PSD

KY-0100 J.K. SMITH GENERATING 
STATION

EAST KENTUCKY 
POWER 
COOPERATIVE, INC

KY 4/9/2010
CIRCULATING FLUIDIZED 
BED BOILER CFB1 AND 
CFB2

COAL 3000 MMBTU/H Particulate matter, 
filterable (FPM) BAGHOUSE 0.090 LB/MMBTU 30 DAY 

AVERAGE BACT-PSD

KY-0100 J.K. SMITH GENERATING 
STATION

EAST KENTUCKY 
POWER 
COOPERATIVE, INC

KY 4/9/2010
CIRCULATING FLUIDIZED 
BED BOILER CFB1 AND 
CFB2

COAL 3000 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE 0.090 LB/MMBTU BACT-PSD

MI-0389 KARN WEADOCK 
GENERATING COMPLEX

CONSUMERS 
ENERGY MI 12/29/2009 BOILER

PRB COAL 
OR 50/50 
BLEND

8190 MMBTU/H Particulate matter, 
filterable (FPM) FABRIC FILTER 0.011 LB/MMBTU TEST METHOD BACT-PSD

MI-0389 KARN WEADOCK 
GENERATING COMPLEX

CONSUMERS 
ENERGY MI 12/29/2009 BOILER

PRB COAL 
OR 50/50 
BLEND

8190 MMBTU/H Particulate matter, 
total; 10 µ (TPM10)

FABRIC FILTER, 
HYDRATED LIME 
INJECTION

0.024 LB/MMBTU TEST METHOD BACT-PSD

OH-0310
AMERICAN MUNICIPAL 
POWER GENERATING 
STATION

AMERICAN 
MUNICIPAL POWER OH 10/8/2009 BOILER (2), PULVERIZED 

COAL FIRED
PULVERIZED 
COAL 5191 MMBTU/H Particulate matter, 

filterable (FPM)

BAGHOUSE IN 
COMBINATION WITH A 
WET ELECTROSTATIC 
PRECIPITATOR (WESP)

0.012 LB/MMBTU
HEAT INPUT, 
AS 3-HR 
AVERAGE

MACT

OH-0310
AMERICAN MUNICIPAL 
POWER GENERATING 
STATION

AMERICAN 
MUNICIPAL POWER OH 10/8/2009 BOILER (2), PULVERIZED 

COAL FIRED
PULVERIZED 
COAL 5191 MMBTU/H

Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE IN 
COMBINATION WITH A 
WET ELECTROSTATIC 
PRECIPITATOR (WESP)

0.024 LB/MMBTU
HEAT INPUT, 
AS 3-HR 
AVERAGE

BACT-PSD

VA-0312 SPRUANCE GENCO, LLC SPRUANCE GENCO, 
LLC VA 1/23/2009 ELECTRIC GENERATION COAL 124392 T/YR Particulate matter, 

total; 10 µ (TPM10)

CEM SYSTEM AND 
BAGHOUSE WITH WET 
MISTING FOLLOWED BY A 
DRY UNLOADER. FABRIC 
FILTERS.

0.300 LB/H BACT-PSD

VA-0312 SPRUANCE GENCO, LLC SPRUANCE GENCO, 
LLC VA 1/23/2009 ELECTRIC GENERATION COAL 124392 T/YR Particulate matter, 

total (TPM)

CEM SYSTEM AND 
BAGHOUSE WITH WET 
MISTING FOLLOWED BY A 
DRY UNLOADER. FABRIC 
FILTERS.

0.3 LB/H BACT-PSD

AZ-0050 CORONADO 
GENERATING STATION

SALT RIVER 
PROJECT AZ 1/22/2009 UNIT 2 COAL 4719 MMBTU

Particulate matter, 
filterable; 10 µ 
(FPM10)

ESP 0.030 LB/MMBTU 3-HOUR AVG BACT-PSD

Table B-2 Particulate Matter Emission Limits for Coal Fired Boilers
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AZ-0050 CORONADO 
GENERATING STATION

SALT RIVER 
PROJECT AZ 1/22/2009 UNIT 1 COAL 4719 MMBTU/H

Particulate matter, 
filterable; 10 µ 
(FPM10)

ESP 0.030 LB/MMBTU 3-HOURS BACT-PSD

AR-0094 JOHN W. TURK JR. 
POWER PLANT

SOUTHWEST 
ELECTRIC POWER 
COMPANY

AR 11/5/2008 PC BOILER PRB SUB-BIT 
COAL 6000 MMBTU/H

Particulate matter, 
filterable; 10 µ 
(FPM10)

FABRIC FILTER 0.012 LB/MMBTU 3 HOUR 
AVERAGE BACT-PSD

VA-0311 VIRGINIA CITY HYBRID 
ENERGY CENTER

VIRGINIA ELECTRIC 
AND POWER CO VA 6/30/2008 2 CIRCULATING 

FLUIDIZED BED BOILERS

COAL AND 
COAL 
REFUSE

3132 MMBTU/H Particulate matter, 
filterable (FPM)

GOOD COMBUSTIONS 
PRACTICES AND 
BAGHOUSE

0.010 LB/MMBTU 3 HOURS BACT-PSD

VA-0311 VIRGINIA CITY HYBRID 
ENERGY CENTER

VIRGINIA ELECTRIC 
AND POWER CO VA 6/30/2008 2 CIRCULATING 

FLUIDIZED BED BOILERS

COAL AND 
COAL 
REFUSE

3132 MMBTU/H Particulate matter, 
total; 10 µ (TPM10)

GOOD COMBUSTION 
PRACTICES AND 
BAGHOUSE

0.012 LB/MMBTU 3 HOURS BACT-PSD

VA-0311 VIRGINIA CITY HYBRID 
ENERGY CENTER

VIRGINIA ELECTRIC 
AND POWER CO VA 6/30/2008 2 CIRCULATING 

FLUIDIZED BED BOILERS

COAL AND 
COAL 
REFUSE

3132 MMBTU/H Particulate matter, 
total; 2.5 µ (TPM2.5)

GOOD COMBUSTION 
PRACTICES AND 
BAGHOUSE

0.012 LB/MMBTU 3 HOURS BACT-PSD

MO-0077 NORBORNE POWER 
PLANT

ASSOCIATED 
ELECTRIC 
COOPERATIVE, INC

MO 2/22/2008 MAIN BOILER COAL 3762420 T/YR
Particulate matter, 
filterable; 10 µ 
(FPM10)

FABRIC FILTRATION 
SYSTEM (BAGHOUSE) 0.018 LB/MMBTU

3 HOURS 
ROLLING 
AVERAGE 
(TOTAL PM10)

BACT-PSD

OH-0314 SMART PAPERS 
HOLDINGS, LLC

SMART PAPERS 
HOLDINGS, LLC OH 1/31/2008 SPREADER STOKER 

COAL-FIRED BOILER COAL 249 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

0.072 LB/MMBTU N/A

OH-0314 SMART PAPERS 
HOLDINGS, LLC

SMART PAPERS 
HOLDINGS, LLC OH 1/31/2008 PULVERIZED DRY 

BOTTOM BOILER COAL 420 MMBTU/H Particulate Matter 
(PM) 0.110 LB/MMBTU N/A

OH-0314 SMART PAPERS 
HOLDINGS, LLC

SMART PAPERS 
HOLDINGS, LLC OH 1/31/2008 SPREADER STOKER 

COAL-FIRED BOILER COAL 249 MMBTU/H Particulate Matter 
(PM) 0.110 LB/MMBTU N/A

WY-0064 DRY FORK STATION
BASIN ELECTRIC 
POWER 
COOPERATIVE

WY 10/15/2007 PC BOILER (ES1-01) COAL
Particulate matter, 
filterable; 10 µ 
(FPM10)

FABRIC FILTER 
(BAGHOUSE) 0.012 LB/MMBTU ANNUAL BACT-PSD

ND-0024 SPIRITWOOD STATION GREAT RIVER 
ENERGY ND 9/14/2007

ATMOSPHERIC 
CIRCULATING FLUIDIZED 
BED BOILER

LIGNITE 1280 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE 0.012 LB/MMBTU 3 H BACT-PSD

ND-0024 SPIRITWOOD STATION GREAT RIVER 
ENERGY ND 9/14/2007

ATMOSPHERIC 
CIRCULATING FLUIDIZED 
BED BOILER

LIGNITE 1280 MMBTU/H Particulate matter, 
filterable (FPM) BAGHOUSE 0.015 LB/MMBTU 3 H BACT-PSD

ND-0024 SPIRITWOOD STATION GREAT RIVER 
ENERGY ND 9/14/2007

ATMOSPHERIC 
CIRCULATING FLUIDIZED 
BED BOILER

LIGNITE 1280 MMBTU/H
Particulate Matter 
(PM), Organic 
Condensables

SPRAY DRYER AND 
BAGHOUSE 0.018 LB/MMBTU 3 HOUR BACT-PSD

UT-0070
BONANZA POWER 
PLANT WASTE COAL 
FIRED UNIT

DESERET POWER 
ELECTRIC 
COOPERATIVE

UT 8/30/2007

CIRCULATING FLUIDIZED 
BED BOILER, 1445 
MMBTU/HR WASTE COAL 
FIRED

WASTE 
COAL/BITUMI
NOUS BLEND

Particulate matter, 
filterable (FPM)

PULSE-JET FABRIC FILTER 
BAGHOUSE 0.012 LB/MMBTU

24-HOUR 
BLOCK 
AVERAGE

BACT-PSD

UT-0070
BONANZA POWER 
PLANT WASTE COAL 
FIRED UNIT

DESERET POWER 
ELECTRIC 
COOPERATIVE

UT 8/30/2007

CIRCULATING FLUIDIZED 
BED BOILER, 1445 
MMBTU/HR WASTE COAL 
FIRED

WASTE 
COAL/BITUMI
NOUS BLEND

Particulate matter, 
filterable; 10 µ 
(FPM10)

PULSE-JET FABRIC FILTER 
BAGHOUSE 0.012 LB/MMBTU

24-HOUR 
BLOCK 
AVERAGE

BACT-PSD

UT-0070
BONANZA POWER 
PLANT WASTE COAL 
FIRED UNIT

DESERET POWER 
ELECTRIC 
COOPERATIVE

UT 8/30/2007

CIRCULATING FLUIDIZED 
BED BOILER, 1445 
MMBTU/HR WASTE COAL 
FIRED

WASTE 
COAL/BITUMI
NOUS BLEND

Particulate Matter 
(PM)

PULSE-JET FABRIC FILTER 
BAGHOUSE 0.030 LB/MMBTU

24-HOUR 
BLOCK 
AVERAGE (12 
AM TO 12 AM)

BACT-PSD

FL-0295 CRYSTAL RIVER POWER 
PLANT

PROGRESS ENERGY 
CRYSTAL RIVER 
POWER PLANT

FL 5/18/2007 FFFSG UNITS 4 AND 5 COAL 760 MW
Particulate matter, 
filterable; 10 µ 
(FPM10)

MODIFIED ESP 
(IMPROVEMENTS) 0.030 LB/MMBTU BACT-PSD

PA-0257 SUNNYSIDE 
ETHANOL,LLC

SUNNYSIDE 
ETHANOL,LLC PA 5/7/2007 CFB BOILER COAL 496.8 MMBTU/H

Particulate matter, 
filterable; 10 µ 
(FPM10)

CYCLONE AND BAGHOUSE 0.010 LB/MMBTU FILTERABLE BACT-PSD

WY-0063 WYGEN 3 BLACK HILLS 
CORPORATION WY 2/5/2007 PC BOILER SUBBITUMIN

OUS COAL 1300 MMBTU/H Particulate matter, 
filterable (FPM) BAGHOUSE 0.012 LB/MMBTU 3 X 120 

MINUTE TEST BACT-PSD

TX-0499 SANDY CREEK ENERGY 
STATION

SANDY CREEK 
ENERGY 
ASSOCIATES

TX 7/24/2006 PULVERIZED CAOL 
BOILER COAL 8185 MMBTU/H

Particulate matter, 
filterable; 10 µ 
(FPM10)

0.0150 LB/H 1-HR BACT-PSD

WV-0024 WESTERN GREENBRIER 
CO-GENERATION, LLC

WESTERN 
GREENBRIER CO-
GENERATION, LLC

WV 4/26/2006 CIRCULATING FLUIDIZED 
BED BOILER (CFB) WASTE COAL 1070 mmbtu/h Particulate matter, 

filterable (FPM) BAGHOUSE 0.015 LB/MMBTU 30-DAY BACT-PSD

WV-0024 WESTERN GREENBRIER 
CO-GENERATION, LLC

WESTERN 
GREENBRIER CO-
GENERATION, LLC

WV 4/26/2006 CIRCULATING FLUIDIZED 
BED BOILER (CFB) WASTE COAL 1070 mmbtu/h Particulate Matter 

(PM) BAGHOUSE 0.030 LB/MMBTU 30-DAY BACT-PSD
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WV-0024 WESTERN GREENBRIER 
CO-GENERATION, LLC

WESTERN 
GREENBRIER CO-
GENERATION, LLC

WV 4/26/2006 CIRCULATING FLUIDIZED 
BED BOILER (CFB) WASTE COAL 1070 mmbtu/h

Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE 0.030 LB/MMBTU 30-DAY BACT-PSD

CO-0055 LAMAR LIGHT & POWER 
POWER PLANT

LAMAR UTILITIES 
BOARD DBA LAMAR 
LIGHT & POWER

CO 2/3/2006 CIRCULATING FLUIDIZED 
BED BOILER

COAL COAL 
(BITUMINOUS
/SUBBITUMIN
OUS)

501.7 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

HIGH 
EFFICIENCY(MEMBRANE) 
LINED FABRIC FILTER       
BAGHAUSE FOR 
FILTEARABLE 

 PARTICULATE MATTER.
MAXIMIZATION OF HEAT 
EXTRACTION FROM 
COMBUSTION  GASES 
PRIOR TO BAGHAUSE

0.012 LB/MMBTU DURATION OF 
TESTS BACT-PSD

MO-0071
KANSAS CITY POWER & 
LIGHT COMPANY - IATAN 
STATION

GREAT PLAINS 
ENERGY MO 1/27/2006 PULVERIZED COAL 

BOILER - UNIT 2
PULVERIZED 
COAL 4000 T/H

Particulate matter, 
filterable; 10 µ 
(FPM10)

KCPL SHALL INSTALL A 
FABRIC FILTRATION 
SYSTEM (BAGHOUSE) FOR 
THE UNIT 2 BOILER TO 
REDUCE PM10 
EMISSIONS.

0.024 LB/MMBTU

30 DAYS 
ROLLING 
AVERAGE 
FILTABLE/CON
D.

BACT-PSD

MO-0071
KANSAS CITY POWER & 
LIGHT COMPANY - IATAN 
STATION

GREAT PLAINS 
ENERGY MO 1/27/2006 PULVERIZED COAL 

BOILER - UNIT 1 COAL 4000 T/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE 0.024 LB/MMBTU
30 DAYS 
ROLLING 
AVERAGE

BACT-PSD

VA-0296 VIRGINIA TECH

VIRGINIA 
POLYTECHNIC 
INSTITUTE AND 
STATE UNIVERSIT

VA 9/15/2005 OPERATION OF BOILER 
11 COAL 146.7 mmbtu

Particulate matter, 
filterable; 10 µ 
(FPM10)

BAG HOUSE EQUIPED 
WITH CEM 0.018 LB/MMBTU BACT-PSD

LA-0176 BIG CAJUN II POWER 
PLANT

LOUISIANA 
GENERATING, LLC LA 8/22/2005

NEW 675 MW 
PULVERIZED COAL 
BOILER (UNIT 4)

SUBBITUMIN
OUS COAL 3518791 T/YR

Particulate matter, 
filterable; 10 µ 
(FPM10)

ESP AND BAGHOUSE IN 
SERIES CONFIGURATION 0.03 LB/MMBTU ANNUAL 

AVERAGE BACT-PSD

PA-0249 RIVER HILL POWER 
COMPANY, LLC

RIVER HILL POWER 
COMPANY, LLC PA 7/21/2005 CFB BOILER WASTE COAL

Particulate matter, 
filterable &lt; 10 µ 
(FPM10)

BAGHOUSE 0.01 LB/MMBTU
12 MONTH 
ROLLING 
AVERAGE

BACT-PSD

PA-0248
GREENE ENERGY 
RESOURCE RECOVERY 
PROJECT

WELLINGTON 
DEV/GREENE 
ENERGY

PA 7/8/2005 2 CFB BOILERS WASTE COAL 358 T/H (each)
Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE, 289.7 TPY 
WAS DETERMINED BY EPA 
METHODS 201,201A,202. 
PROVISION TO INCREASE 
IF CAN'T MEET LIMIT 
BECAUSE OF 
CONDENSIBLES PER 
METHOD 202

0.012 LB/MMBTU BACT-PSD

CO-0057 COMANCHE STATION
PUBLIC SERVICE 
COMPANY OF 
COLORADO

CO 7/5/2005 PC BOILER - UNIT 3
SUB-
BITUMINOUS 
COAL

7421 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE 0.012 LB/MMBTU
FILTERABLE, 
AVG OF 3 
TEST RUNS

BACT-PSD

CO-0057 COMANCHE STATION
PUBLIC SERVICE 
COMPANY OF 
COLORADO

CO 7/5/2005 PC BOILER - UNIT 3
SUB-
BITUMINOUS 
COAL

7421 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE 0.02 LB/MMBTU

TOTAL (FILT + 
COND), AVG 
OF 3 TEST 
RUNS

BACT-PSD

CO-0057 COMANCHE STATION
PUBLIC SERVICE 
COMPANY OF 
COLORADO

CO 7/5/2005 PC BOILER - UNIT 3
SUB-
BITUMINOUS 
COAL

7421 MMBTU/H Particulate Matter 
(PM) BAGHOUSE 0.013 LB/MMBTU

FILTERABLE, 
AVG OF 3 
TEST RUNS

BACT-PSD

ND-0021 GASCOYNE 
GENERATING STATION

MONTANA DAKOTA 
UTILITIES / 
WESTMORELAND 
POWER

ND 6/3/2005 BOILER, COAL-FIRED LIGNITE 2116 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE 0.013 LB/MMBTU 3-H BACT-PSD

ND-0021 GASCOYNE 
GENERATING STATION

MONTANA DAKOTA 
UTILITIES / 
WESTMORELAND 
POWER

ND 6/3/2005 BOILER, COAL-FIRED LIGNITE 2116 MMBTU/H Particulate Matter 
(PM) BAGHOUSE 0.017 LB/MMBTU 3-H BACT-PSD

NV-0036 TS POWER PLANT
NEWMONT NEVADA 
ENERGY 
INVESTMENT, LLC

NV 5/5/2005 200 MW PC COAL BOILER
POWDER 
RIVER BASIN 
COAL

2030 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

FABRIC FILTER DUST 
COLLECTION 0.012 LB/MMBTU

24-HOUR 
ROLLING - 
FILTERABLE 
ONLY

BACT-PSD

PA-0247 BEECH HOLLOW 
POWER PROJECT

ROBINSON POWER 
COMPANY LLC PA 4/1/2005 COAL FIRED CFB WASTE COAL

Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE 0.012 LB/MMBTU BACT-PSD

NE-0031 OPPD - NEBRASKA CITY 
STATION

OMAHA PUBLIC 
POWER DISTRICT NE 3/9/2005 UNIT 2 BOILER SUBBITUMIN

OUS COAL
Particulate Matter 
(PM)

FABRIC FILTER 
BAGHOUSES 0.018 LB/MMBTU TEST METHOD 

AVERAGE BACT-PSD
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MO-0060

CITY UTILITIES OF 
SPRINGFIELD - 
SOUTHWEST POWER 
STATION

CITY UTILITIES OF 
SPRINGFIELD MO 12/15/2004 PULVERIZED COAL FIRED 

BOILER COAL 2724 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE 0.018 LB/MMBTU BACT-PSD

WI-0228 WPS - WESTON PLANT WISCONSIN PUBLIC 
SERVICE WI 10/19/2004

SUPER CRITICAL 
PULVERIZED COAL 
ELECTRIC STEAM BOILER 
(S04, P04)

PRB COAL 5173.07 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

FABRIC FILTER 
BAGHOUSE (WHEN FIRING 

 COAL)
NATURAL GAS USE (W/O 
BAGHOUSE) LIMITED TO 
500 MMBTU/HR

0.018 LB/MMBTU 3 HOUR AVG. BACT-PSD

WI-0228 WPS - WESTON PLANT WISCONSIN PUBLIC 
SERVICE WI 10/19/2004

SUPER CRITICAL 
PULVERIZED COAL 
ELECTRIC STEAM BOILER 
(S04, P04)

PRB COAL 5173.07 MMBTU/H Particulate Matter 
(PM)

FABRIC FILTER 
BAGHOUSE (WHEN FIRING 

 COAL).
NATURAL GAS USE (W/O 
BAGHOUSE) IS LIMITED TO 
500 MMBTU/HR.

0.020 LB/MMBTU 3 HR. AVG BACT-PSD

UT-0065
INTERMOUNTAIN 
POWER GENERATING 
STATION - UNIT #3

INTERMOUNTAIN 
POWER SERVICE 
CORPORATION

UT 10/15/2004
PULVERIZED COAL FIRED 
ELECTRIC GENERATING 
UNIT

BITUMINOUS 
OR BLEND 950 MW-gross

Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE/FABRIC 
FILTER 0.012 LB/MMBTU

3-TEST RUN 
AVERAGE 
ANNUALLY

BACT-PSD

UT-0065
INTERMOUNTAIN 
POWER GENERATING 
STATION - UNIT #3

INTERMOUNTAIN 
POWER SERVICE 
CORPORATION

UT 10/15/2004
PULVERIZED COAL FIRED 
ELECTRIC GENERATING 
UNIT

BITUMINOUS 
OR BLEND 950 MW-gross Particulate matter, 

filterable (FPM)
BAGHOUSE/FABRIC 
FILTER 0.013 LB/MMBTU

3-TEST RUN 
AVERAGE 
ANNUALLY

BACT-PSD

UT-0064 SEVIER POWER 
COMPANY

NEVCO - SEVIER 
POWER COMPANY UT 10/12/2004

CIRCULATING FLUIDIZED 
BED BOILER WITH 
BAGHOUSE

WESTERN 
COAL 270 MW

Particulate matter, 
filterable; 10 µ 
(FPM10)

FF 39 LB/H 24-HOUR 
ROLLING BACT-PSD

WV-0023 MAIDSVILLE LONGVIEW POWER, 
LLC WV 3/2/2004 BOILER, PC PULVERIZED 

COAL 6114 MMBTU/H Particulate Matter 
(PM)

DRY SOLID INJECTION W/ 
FABRIC FILTER AND WET 
SCRUBBER

0.018 LB/MMBTU 6 HOUR 
ROLLING BACT-PSD

WV-0023 MAIDSVILLE LONGVIEW POWER, 
LLC WV 3/2/2004 BOILER, PC PULVERIZED 

COAL 6114 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

DRY SOLID INJECTION W/ 
FABRIC FILTER AND WET 
SCRUBBER

0.018 LB/MMBTU 6 HOUR 
ROLLING BACT-PSD

SC-0104
SANTEE COOPER 
CROSS GENERATING 
STATION

SANTEE COOPER SC 2/5/2004 BOILER, NO. 3 AND NO. 4 BITUMINOUS 
COAL 5700 MMBTU/H Particulate Matter 

(PM) ESP 0.015 LB/MMBTU BACT-PSD

SC-0104
SANTEE COOPER 
CROSS GENERATING 
STATION

SANTEE COOPER SC 2/5/2004 BOILER, NO. 3 AND NO. 4 BITUMINOUS 
COAL 5700 MMBTU/H

Particulate matter, 
filterable; 10 µ 
(FPM10)

ESP 0.018 LB/MMBTU BACT-PSD

WI-0225 MANITOWOC PUBLIC 
UTILITIES

MANITOWOC PUBLIC 
UTILITIES WI 12/3/2003

CIRCULATING FLUIDIZED 
BED BOILER (ELECTRIC 
GENERATION)

COAL / PET 
COKE 650 MMBTU/H

Particulate matter, 
filterable; 10 µ 
(FPM10)

 BAGHOUSE  (PULSE JET)
CFB DESIGN 0.030 LB/MMBTU N/A

TX-0298 WA PARISH ELECTRIC 
GENERATING STATION

RELIANT ENERGY 
INC TX 10/15/2003 BOILER UNIT 7, COAL, 

WAP7 COAL 6700 MMBTU/H Particulate Matter 
(PM) COMBUSTION CONTROL 0.086 LB/H BACT-PSD

TX-0298 WA PARISH ELECTRIC 
GENERATING STATION

RELIANT ENERGY 
INC TX 10/15/2003 BOILER UNIT 7, COAL 

&amp; GAS, WAP7 COAL 6700 MMBTU/H Particulate Matter 
(PM) COMBUSTION CONTROL 0.087 LB/H BACT-PSD

TX-0298 WA PARISH ELECTRIC 
GENERATING STATION

RELIANT ENERGY 
INC TX 10/15/2003

(2) BOILERS, UNITS 5 
&amp; 6, WAP5&amp;6, 
COAL

COAL 7400 MMBTU/H Particulate Matter 
(PM) COMBUSTION CONTROL 0.089 LB/H EACH UNIT BACT-PSD

TX-0298 WA PARISH ELECTRIC 
GENERATING STATION

RELIANT ENERGY 
INC TX 10/15/2003

(2) BOILERS, UNITS 5 
&amp; 6, COAL &amp; 
GAS, WAP5&amp;6

COAL 7400 MMBTU/H Particulate Matter 
(PM) COMBUSTION CONTROL 0.090 LB/H EACH UNIT BACT-PSD

PA-0182 RELIANT ENERGY  
SEWARD POWER RELIANT ENERGY PA 8/26/2003 BOILER, CIRCULATING 

FLUIDIZED BED, (2) COAL 2532 MMBTU/H
Particulate matter, 
filterable; 10 µ 
(FPM10)

FABRIC FILTER 
BAGHOUSE 0.010 LB/MMBTU Other Case-by-

Case

AR-0074 PLUM POINT ENERGY PLUM POINT 
ASSOCIATES, LLC AR 8/20/2003 BOILER , UNIT 1 - SN-01

SUB-
BITUMINOUS 
COAL

800 MW
Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE 0.018 LB/MMBTU BACT-PSD

AR-0079 PLUM POINT ENERGY PLUM POINT 
ASSOCIATES, LLC AR 8/20/2003 BOILER - SN-01

SUB-
BITUMINOUS 
COAL

800 MW
Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE 0.018 LB/MMBTU BACT-PSD

MT-0022
BULL MOUNTAIN, NO. 1, 
LLC - ROUNDUP POWER 
PROJECT

BULL MOUNTAIN 
DEV. COMPANY MT 7/21/2003 BOILER, PC NO. 1 COAL 390 MW

Particulate matter, 
filterable; 10 µ 
(FPM10)

FABRIC FILTERS 0.015 LB/MMBTU BACT-PSD

MT-0022
BULL MOUNTAIN, NO. 1, 
LLC - ROUNDUP POWER 
PROJECT

BULL MOUNTAIN 
DEV. COMPANY MT 7/21/2003 BOILER, PC NO. 2 COAL 390 MW

Particulate matter, 
filterable; 10 µ 
(FPM10)

FABRIC FILTERS 0.015 LB/MMBTU BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY IA 6/17/2003 CBEC 4 BOILER PRB COAL 7675 MMBTU/H

Particulate matter, 
filterable; 10 µ 
(FPM10)

BAGHOUSE 0.025 LB/MMBTU BACT-PSD
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Time
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Table B-2 Particulate Matter Emission Limits for Coal Fired Boilers

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY IA 6/17/2003 CBEC 4 BOILER PRB COAL 7675 MMBTU/H Particulate Matter 

(PM) BAGHOUSE 0.027 LB/MMBTU BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY IA 6/17/2003 CBEC 4 BOILER PRB COAL 7675 MMBTU/H Particulate matter, 

filterable (FPM) BAGHOUSE 0.180 LB/MMBTU MACT
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RBLCID FACILITY NAME CORPORATE OR 
COMPANY_NAME FACILITY COUNTY FACILITY 

STATE

PERMIT 
ISSUANCE 

DATE
PROCESS NAME POLLUTANT CONTROL METHOD 

DESCRIPTION
EMISSION 

LIMIT

EMISSION 
LIMIT 1 
UNIT

CASE BY 
CASE 
BASIS

*MI-0400 WOLVERINE POWER
WOLVERINE POWER 
SUPPLY 
COOPERATIVE, INC.

PRESQUE ISLE MI 6/29/2011 Limestone handling (EULIMESTONE) Particulate matter, filterable 
(FPM) Dust collector 0.0002 GR/DSCF BACT-PSD

*MI-0399 DETROIT EDISON--
MONROE DETROIT EDISON MONROE MI 12/21/2010 Limestone, gypsum, hydrated lime 

handling activities
Particulate matter, filterable 
(FPM)

Fabric filters, fugitive 
dust  control plan. 0.0040 GR/DSCF BACT-PSD

*MI-0399 DETROIT EDISON--
MONROE DETROIT EDISON MONROE MI 12/21/2010 Limestone, gypsum, hydrated lime 

handling activities
Particulate matter, tota; 10 µ 
(TPM10)

Fabric filters, fugitive 
dust control plan. 0.0040 GR/DSCF BACT-PSD

*MI-0399 DETROIT EDISON--
MONROE DETROIT EDISON MONROE MI 12/21/2010 Limestone, gypsum, hydrated lime 

handling activities
Particulate matter, total; 2.5 µ 
(TPM2.5)

Fabric filters, fugitive 
dust control plan. 0.0040 GR/DSCF BACT-PSD

KY-0100 J.K. SMITH 
GENERATING STATION

EAST KENTUCKY 
POWER 
COOPERATIVE, INC

KY 4/9/2010 ASH HANDLING Particulate matter, filterable; 
2.5 µ (FPM2.5) FABRIC FILTER 0.0050 GR/DSCF BACT-PSD

KY-0100 J.K. SMITH 
GENERATING STATION

EAST KENTUCKY 
POWER 
COOPERATIVE, INC

KY 4/9/2010 ASH HANDLING Particulate matter, filterable; 
10 µ (FPM10) FABRIC FILTER 0.0050 GR/DSCF BACT-PSD

KY-0100 J.K. SMITH 
GENERATING STATION

EAST KENTUCKY 
POWER 
COOPERATIVE, INC

KY 4/9/2010 LIMESTONE STORAGE SILOS Particulate matter, filterable; 
10 µ (FPM10) FABRIC FILTER 0.0050 GR/DSCF BACT-PSD

KY-0100 J.K. SMITH 
GENERATING STATION

EAST KENTUCKY 
POWER 
COOPERATIVE, INC

KY 4/9/2010 LIME SILO STORAGES Particulate matter, filterable; 
10 µ (FPM10) FABRIC FILTERS 0.0050 GR/DSCF BACT-PSD

ND-0024 SPIRITWOOD STATION GREAT RIVER ENERGY STUTSMAN ND 9/14/2007 MATERIALS HANDLING Particulate matter, filterable 
(FPM) BAGHOUSE 0.0050 GR/DSCF BACT-PSD

ND-0021 GASCOYNE 
GENERATING STATION

MONTANA DAKOTA 
UTILITIES / 
WESTMORELAND 
POWER

BOWMAN ND 6/3/2005 MATERIALS HANDLING Particulate Matter (PM) BAGHOUSES 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 ACTIVED CARBON SILOS Particulate Matter (PM) BAGHOUSE 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 FLYASH RECYCLE SILO VACUUM 

SYSTEM EXHAUSTERS Particulate Matter (PM) BAGHOUSE 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 FLYASH/FGD WASTE VACUUM 

SYSTEM EXHAUSTER Particulate Matter (PM) BAGHOUSE 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 LIME FILTER SEPARATOR (EP 

162B) Particulate Matter (PM) BAGHOUSE 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 ACTIVED CARBON SILOS Particulate matter, filterable; 

10 µ (FPM10) BAGHOUSE 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 FLYASH RECYCLE SILO VACUUM 

SYSTEM EXHAUSTERS
Particulate matter, filterable; 
10 µ (FPM10) BAGHOUSE 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 FLYASH/FGD WASTE VACUUM 

SYSTEM EXHAUSTER
Particulate matter, filterable; 
10 µ (FPM10) BAGHOUSE 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 LIME FILTER SEPARATOR (EP 

162B)
Particulate matter, filterable; 
10 µ (FPM10) BAGHOUSE 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 FLYASH RECYCLE SILO Particulate Matter (PM) BIN VENT FILTER 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 LIME DAY BIN Particulate Matter (PM) BIN VENT FILTER 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 WATER TREATMENT SILO - SODA 

ASH Particulate Matter (PM) BIN VENT FILTER 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 WATER TREATMENT SILOS - LIME Particulate Matter (PM) BIN VENT FILTER 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 FLYASH RECYCLE SILO Particulate matter, filterable; 

10 µ (FPM10) BIN VENT FILTER 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 LIME DAY BIN Particulate matter, filterable; 

10 µ (FPM10) BIN VENT FILTER 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 WATER TREATMENT SILO - SODA 

ASH
Particulate matter, filterable; 
10 µ (FPM10) BIN VENT FILTER 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 WATER TREATMENT SILOS - LIME Particulate matter, filterable; 

10 µ (FPM10) BIN VENT FILTER 0.0050 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 FLYASH/FGD WASTE STORAGE 

SILO Particulate Matter (PM) VENT BAG FILTER 0.0050 GR/DSCF BACT-PSD

Table B-3 Particulate Matter Emission Limits for Storage Silos
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RBLCID FACILITY NAME CORPORATE OR 
COMPANY_NAME FACILITY COUNTY FACILITY 

STATE
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ISSUANCE 
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Table B-3 Particulate Matter Emission Limits for Storage Silos

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 FLYASH/FGD WASTE STORAGE 

SILO
Particulate matter, filterable; 
10 µ (FPM10) VENT BAG FILTER 0.0050 GR/DSCF BACT-PSD

AR-0094 JOHN W. TURK JR. 
POWER PLANT

SOUTHWEST 
ELECTRIC POWER 
COMPANY

FULTON AR 11/5/2008 DUST COLLECTORS Particulate Matter (PM) FABRIC FILTER 0.0100 GR/DSCF BACT-PSD

WV-0024
WESTERN 
GREENBRIER CO-
GENERATION, LLC

WESTERN 
GREENBRIER CO-
GENERATION, LLC

GREENBRIER WV 4/26/2006 ASH HANDLING Particulate Matter (PM) FABRIC FILTERS 0.0100 GR/DSCF BACT-PSD

CO-0057 COMANCHE STATION
PUBLIC SERVICE 
COMPANY OF 
COLORADO

PUEBLO CO 7/5/2005 SORBENT HANDLING Particulate matter, filterable; 
10 µ (FPM10)

BAGHOUSE FOR 
SILOS 0.0100 GR/DSCF

CO-0057 COMANCHE STATION
PUBLIC SERVICE 
COMPANY OF 
COLORADO

PUEBLO CO 7/5/2005 SORBENT HANDLING Particulate Matter (PM) BAGHOUSES ON 
SILOS 0.0100 GR/DSCF BACT-PSD

CO-0057 COMANCHE STATION
PUBLIC SERVICE 
COMPANY OF 
COLORADO

PUEBLO CO 7/5/2005 LIME HANDLING Particulate matter, filterable 
&lt; 10 µ (FPM10)

SILOS ARE EQUIPPED 
WITH BAGHOUSES 
AND SLAKERS ARE 
EQUIPPED WITH 
SCRUBBERS

0.0100 GR/DSCF BACT-PSD

CO-0057 COMANCHE STATION
PUBLIC SERVICE 
COMPANY OF 
COLORADO

PUEBLO CO 7/5/2005 RECYCLE ASH HANDLING Particulate matter, filterable; 
10 µ (FPM10)

SILOS ARE EQUIPPED 
WITH BAGHOUSES, 
MIXERS ARE 
EQUIPPED WITH 
SCRUBBERS

0.0100 GR/DSCF BACT-PSD

CO-0057 COMANCHE STATION
PUBLIC SERVICE 
COMPANY OF 
COLORADO

PUEBLO CO 7/5/2005 LIME HANDLING Particulate Matter (PM)

SILOS ARE EQUIPPED 
WITH BAGHOUSES, 
SLAKERS ARE 
EQUIPPED WITH 
SCRUBBERS

0.0100 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 LIME FILTER SEPARATOR (EP 

162A) Particulate Matter (PM) BAGHOUSE 0.0100 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 LIME FILTER SEPARATOR (EP 

162A)
Particulate matter, filterable 
&lt; 10 µ (FPM10) BAGHOUSE 0.0100 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 LIME STORAGE SILO Particulate Matter (PM) VENT BAG FILTER 0.0100 GR/DSCF BACT-PSD

IA-0067 WALTER SCOTT JR. 
ENERGY CENTER

MIDAMERICAN 
ENERGY COMPANY POTTAWATTAMIE IA 6/17/2003 LIME STORAGE SILO Particulate matter, filterable; 

10 µ (FPM10) VENT BAG FILTER 0.0100 GR/DSCF BACT-PSD

WY-0057 WYGEN 2 BLACK HILLS 
CORPORATION CAMPBELL WY 9/25/2002 MATERIAL HANDLING EQUIPMENT, 

OTHER Particulate Matter (PM) FABRIC FILTER 0.0100 GR/DSCF BACT-PSD

NV-0036 TS POWER PLANT
NEWMONT NEVADA 
ENERGY INVESTMENT, 
LLC

EUREKA NV 5/5/2005 ASH, LIME &amp; CARBON SILOS Particulate matter, filterable; 
10 µ (FPM10) BIN VENTS 0.0200 GR/DSCF BACT-PSD
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CO-0057 COMANCHE 
STATION

PUBLIC SERVICE 
COMPANY OF 
COLORADO

PUEBLO CO 7/5/2005 HAUL ROADS
HAUL ROADS ARE 
ADDRESSED ON 
PERMIT 04PB1022

Particulate Matter 
(PM)

CHEMICAL STABILIZERS WILL BE 
ADDED TO ACTIVE UNPAVED HAUL 
ROADS, ADDITIONAL WATERING AS 
NECESSARY.  PAVED ROADS TO BE 
SWEPT AND WATERED AS 
NECESSARY.

WY-0064 DRY FORK 
STATION

BASIN ELECTRIC 
POWER 
COOPERATIVE

CAMPBELL WY 10/15/2007 HAUL ROADS
Particulate matter, 
filterable &lt; 10 µ 
(FPM10)

WATER AND CHEMICAL DUST 
SUPPRESSANTS

Other Case-by-
Case

KY-0100
J.K. SMITH 
GENERATING 
STATION

EAST KENTUCKY 
POWER 
COOPERATIVE, INC

KY 4/9/2010 HAUL ROADS Particulate matter, 
fugitive

PAVED ROADWAYS, CLEANING OR 
PROMPT REMOVAL OF MATERIAL, 
AND THE APPLICATION OF WET 
SUPPRESSION, AS APPLICABLE.

BACT-PSD

AR-0094
JOHN W. TURK 
JR. POWER 
PLANT

SOUTHWEST 
ELECTRIC POWER 
COMPANY

FULTON AR 11/5/2008 ROADS UNPAVED ROADS Particulate Matter 
(PM)

WATERING/DUST SUPPRESSION 
CHEMICALS 1.1 LB/H BACT-PSD

TX-0342

LIMESTONE 
ELECTRIC 
GENERATING 
STATION

RELIANT ENERGY 
INC LIMESTONE TX 5/23/2001 PLANT ROADS Particulate Matter 

(PM) WATER SPRAY 17.42 T/YR BACT-PSD

LA-0122 MANSFIELD 
MILL

INTERNATIONAL 
PAPER - MANSFIELD 
MILL

DE SOTO 
PARISH LA 8/14/2001 HAUL ROADS EMISSION POINT 26-93

Particulate matter, 
filterable &lt; 10 µ 
(FPM10)

WET SUPPRESSION ON UNPAVED 
 ROADS TWICE PER 8 

 HOURS
PERIOD DURING DAYLIGHT HOURS 

 (EXCEPT WHEN 
RAINING)

18.5 LB/H BACT-PSD

AR-0074 PLUM POINT 
ENERGY

PLUM POINT 
ASSOCIATES, LLC MISSISSIPPI AR 8/20/2003 ROAD DUST paved and unpaved roads

Particulate matter, 
filterable &lt; 10 µ 
(FPM10)

DUST SUPPRESSION - WATERING, 
DUST SUPPRESSANTS 0.2 LB/H BACT-PSD

IA-0067

WALTER 
SCOTT JR. 
ENERGY 
CENTER

MIDAMERICAN 
ENERGY COMPANY

POTTAWATTA
MIE IA 6/17/2003 HAUL ROADS Particulate Matter 

(PM)
WATER FLUSHING FOLLOWED BY 
SWEEPING BACT-PSD

WV-0024

WESTERN 
GREENBRIER 
CO-
GENERATION, 
LLC

WESTERN 
GREENBRIER CO-
GENERATION, LLC

GREENBRIER WV 4/26/2006 PAVED 
HAULROADS

Particulate matter, 
fugitive

 SHALL MAINTAIN PAVEMENT
SHALL USE VACUUM SWEEPER AND 

 WATER TRUCKS
MAX SPEED 15 MPH

90 % REDUCTION BACT-PSD

WI-0228
WPS - 
WESTON 
PLANT

WISCONSIN PUBLIC 
SERVICE MARATHON WI 10/19/2004 F134 

ROADWAYS

ALL HAUL ROADS ON-
SITE WILL BE PAVED 
WHERE POSSIBLE. THE 
FOLLOWING ARE THE 
NEW ROADS FOR THE 
WESTON 4 PROJECT 

 SOURCES.
R09 -W4 FLY ASH 
ALTERNATE R10-W4 
LINE DELIVERIES R11 - 
W4 BOTTOM ASH (DAILY 
ROUTE) R13 - W4 
SALABLE FLY ASH (IN 
SEASON) R14 - W4 PAC 

 DELIVERIES
THESE ROADS WILL 
ONLY BE OPERATED 
FROM 6 AM TILL 10 PM 
(16 HOURS EACH DAY)

Particulate Matter 
(PM)

PAVE ALL HAUL ROADS WHERE 
POSSIBLE, FUGITIVE DUST CONTROL 
PLAN, WATERING ROADWAYS, 
SWEEPING ROADS, LIMIT ROAD 
HOURS OF OPERATION

BACT-PSD

Table B-4 EPA RACT/BACT/LAER Data for Coal Fired Power Plant Roads
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1.0   Introduction 

The Arizona Public Service Company (APS) operates the Four Corners Power Plant (FCPP), a privately 
owned and operated coal-fired power plant located on the Navajo Nation, about 25 miles west of 
Farmington, New Mexico. The facility currently consists of five boiler electric generating units (Units 1-5), 
with a total capacity of approximately 2,100 megawatts (MW). Units 4 and 5 with a total capacity of 1,540 
MW will continue to operate after 2016. 

APS contracted AECOM to provide support in preparation for the Four Corners Power Plant and Navajo 
Mine Energy Project environmental impact statement (EIS) to address the renewal of the lease and rights-
of-way for the FCPP and associated transmission lines for the 25-year period of 2016 through 2041. The 
current FCPP lease expires in 2016. During the National Environmental Policy Act (NEPA) process, the 
following APS actions will be evaluated in the EIS:  

• Lease Approval: The Bureau of Indian Affairs (BIA) would evaluate whether to approve 
a lease extension to 2041 allowing for continued operation of the FCPP and the 
associated transmission lines across the Navajo Nation. 

• Grant Issuance: The BIA would evaluate whether to approve the issuance of federal 
grants of rights-of-way, pursuant to 25 U.S.C. § 323, for the plant, associated 
transmission lines, and ancillary facilities.  

Concurrent with the proposed FCPP lease amendment approval and renewed rights-of-way grant actions, 
BHP Navajo Coal Company (BNCC) proposes to develop a new permit area, called the Pinabete Permit, 
which is located adjacent to the FCPP on tribal trust lands on the Navajo Reservation. The new Pinabete 
Permit area would, in conjunction with the mining of reserves within the existing Navajo Mine Permit area 
(Federal SMCRA Permit NM0003F), supply low-sulfur coal to the FCPP at a rate of approximately 5.8 
million tons per year. Development of the Pinabete Permit area and associated coal reserves would use 
surface mining methods and, based on current projected customer needs, would supply coal to FCPP for 
up to 25 years beginning in 2016. Particulate matter emissions from mining are caused by activities that 
release fugitive dust at or near the ground surface. These fugitive dust emissions consist primarily of larger 
particles that settle and deposit to the ground within relatively short distances from the emission sources. 
Fugitive dust emissions from the mine are not addressed in this plume visibility analysis, as explained 
further below. 

The EIS proposed action calls for ceasing operations of Units 1, 2 and 3 and installing selective catalytic 
reduction (SCR) controls for oxides of nitrogen (NOX) on the two remaining operating units (4 and 5). This 
action would result in a substantial reduction in emissions of NOx, which results in reduction of nitrogen 
dioxide (NO2), the principal optically active pollutant most commonly associated with visible plumes from 
combustion sources. Another optically active pollutant, PM2.5, also would decrease but to lesser extent.  

The contribution of future emissions from FCPP to regional haze has been independently addressed by 
the U.S. Environmental Protection Agency (EPA 2012) and will not be evaluated in this report. The present 
study addresses the potential for a visible plume. The type of visible plume addressed in this analysis does 
not refer to condensed water vapor that sometimes extends from power plant stacks, but rather a plume 
that is sometimes seen further downwind after the water droplets evaporate. Emissions that contribute 
most to visible plumes are oxides of nitrogen and particulates. Regulatory guidance provides significance 
thresholds for Air Quality Related Value (AQRV) associated with the potential for visible plumes that are 
applied at Federal Class I areas within 50 m of an emission source. Because there are no Federal Class I 
areas within 50 km of FCPP, there are no plume visibility related AQRVs related to FCPP. The purpose of 
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this report is to estimate what effect proposed future operations of FCPP will have on visible plumes. This 
assessment has been conducted using plume visibility screening techniques developed by EPA and with 
specific guidance provided by the National Park Service (NPS, 2012) to characterize the expected 
reduction in visible plumes associated with the proposed reduction in emissions of pollutants from the 
FCPP.  

2.0   Plume Visibility Assessment Procedures Overview 

A plume visibility analysis for areas within 50 kilometers (km) of the FCPP was conducted to assess the 
potential for a plume from the power plant to be visible to casual observer during daylight hours under fair 
weather conditions. Viewpoints were identified at locations along area roadways that provide a vantage 
point to view the many natural landmarks in the vicinity. 

Fugitive dust emissions from mining and material handling activities at FCPP are distributed sources 
rather than point (i.e. stack) emission sources. The emissions from these sources are typically larger 
particles and only a small fraction of the emissions are categorized as PM2.5. Because the fugitive dust 
emission sources are non-buoyant and typically at or near ground level, larger particles settle to the 
ground within relatively short distances of the sources and do not form elevated plumes that overlap with 
the plumes from the FCPP elevated emission stacks. Therefore, while there may be very localized visible 
fugitive dust emissions from some activities, these emissions will not contribute to the regional landmark 
visibility assessment. Localized fugitive dust emission impacts are best assessed by compliance with 
ground-level ambient air quality standards. Because maximum impacts from fugitive dust sources occur at 
or very near the facility boundary, compliance with those standards virtually eliminates the potential for 
visible ground-level plumes to occur at significant distances from the site. Therefore, fugitive dust 
emissions are not included in the FCPP visible plume assessment. It is also noted that potential fugitive 
dust generating activities will decrease in the future due to decreased coal production and associated 
material handling. 

A screening approach was conducted in accordance with guidance provided in EPA (1992) Workbook for 
Plume Visual Impact Screening and Analysis (Workbook). Additional recommendations provided by the 
NPS (2012) were incorporated into the assessment. In this approach, the EPA screening level plume 
visibility model, VISCREEN, is applied with site-specific meteorological data to compute plume visibility 
parameters corresponding to worst-case conditions that are likely to occur each year. EPA’s procedures 
evaluate the potential for emission from elevated point sources (such as the FCPP stacks) to result in a 
singular plume (regardless of the actual number of stacks) that is discernible when viewed against a 
background sky or high terrain features. As a screening model, VISCREEN does not calculate plume 
height above the ground but places the observer at plume height, looking horizontally at various intervals 
through the plume centerline. VISCREEN then computes the combinations of sun-plume-observer 
geometry that the result in the largest degree of plume perceptibility. Because of this simplified line-of-sight 
geometry, the results from VISCREEN are considered to be highly conservative. As an example, 
VISCREEN assumes that the plume lies between an observer and background terrain regardless of 
whether the actual plume centerline would be higher than the terrain. In addition, the terrain is assumed to 
be black, which increases the contrast with a light-scattering particulate plume. Keeping in mind these and 
many other conservative assumptions, it is appropriate to review the VISCREEN plume visibility 
computations for Case 1 and Case 2 in a relative rather than absolute manner to evaluate expected future 
changes in plume visibility.  

VISCREEN simulates the dispersion and optical characteristics of a power plant plume for lines of sight 
that are within 50 km of a source. The model incorporates the straight-line Gaussian dispersion of primary 
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particulate as well as the transformation of NOx to the optically active secondary pollutant nitrogen dioxide 
(NO2), the two types of pollutants that are known to contribute most to plume visibility. VISCREEN 
computes the scattering and absorption of direct sunlight due to particulates as well as the absorption of 
blue light by NO2. As a near-field plume visibility model, VISCREEN does not address the formation of 
secondary particulate nitrate and sulfate, which are known to contribute to regional haze at greater 
distances.  

The model computes light intensity at various visible wavelengths for a range of lines of sight and sun-
plume-observer orientations and then calculates the largest values of plume visibility parameters by 
comparing the light intensity reaching an observer both with and without the plume. VISCREEN computes 
estimate two visual impact parameters, plume contrast (Cp) and plume perceptibility (∆E), defined as 
follows: 

• Plume contrast (Cp) is a measure of the fractional reduction or increase in light intensity at the 
0.55 µm wave length due to the presence of a plume. This (green) wave length is used because it 
is at the center of the visible spectrum. According to the Workbook, plume contrast values 
exceeding 0.05 in absolute value should be used as a screening criterion, inferring that a 5 
percent change in intensity is likely to be noticed by a casual observer. A negative Cp means the 
plume looks darker than the background sky or terrain. The chief limitation of Cp to gauge the 
visibility of a plume is that it does not address discoloration, which is due to differential scattering 
and absorption at various wavelengths. 

• Plume perceptibility parameter (∆E) is a more intrinsic visible plume parameter as it is an integral 
measure that incorporates differences in light intensity over all visible wavelengths incorporating 
human perception. ∆E evaluates the degree to which a plume can be seen either against a 
background sky or terrain. The EPA Workbook establishes a ∆E threshold of 2.0 to indicate the 
presence of a visible plume against a background sky or terrain.  

The user-specified parameters incorporated into VISCREEN that most influence the visibility plume 
parameters include: 

• Emission rates of NOx and NO2 and particulates (fly ash, elemental carbon and primary sulfate) 
• Distance from source to observer 
• Distance of the landmark from the source (referred to as Class I area in VISCREEN) 
• Meteorological conditions (wind speed and atmospheric stability category, A-F) 
• Background visual range (natural background for this area as specified by the Federal Land 

Managers’ Air Quality Related Values Work Group [FLAG] report for Mesa Verde National Park 
[NPS 2010])  

• Background ozone concentration (90th percentile of the morning and afternoon concentrations at 
the nearby San Juan Substation monitor, depending on time of day simulated) 

 
VISCREEN was applied to evaluate the effect of a power plant plume during clear daylight hours on an 
observer’s vista (scenic view) from specified locations in the vicinity, representing scenic overlooks on 
roadways. VISCREEN can be used only for the combined plumes of single power plant, and as such the 
analysis was not address the potential for overlapping plumes from neighboring power plants. As listed in 
Table 1 and shown in Figure 1, sixteen vistas (viewpoint-landmark combinations) corresponding to 
thirteen viewpoints and eleven landmarks within 50 km of the FCPP have been selected for the visible 
plume assessment.  
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Table 1 Viewpoints and Landmarks 
 

Viewpoint 
ID Viewpoint Name

Viewpoint 
UTM-E              

(m)

Viewpoint 
UTM-N           

(m)

Landmark 
ID

Land 
Mark 
Name

Landmark 
UTM-E           

(m)

Landmark 
UTM-N     

(m)
Vista ID

1 Ford 
Butte

705603 4028786 1_1

2
Bennet 
Rock 702772 4028208 1_2

3 Barber 
Peak

706056 4051393 2_3

4 Table 
Mesa

703947 4052258 2_4

5
Cathedral 

Cliff 705027 4053682 2_5

3
Shiprock Viewpoint South (Red Rock Hwy/ Indian 

Service (Route 13)
694954 4057551 3_6

4 Shiprock Viewpoint North (Route 64) 694797 4073426 4_6

5 Chimney Rock Viewpoint West (Route 491) 700943 4105321 5_7

6 Chimney Rock Viewpoint East (Mancos Canyon Road) 703244 4105890 6_7
7 Hogback Viewpoint West (Route 64) 714042 4071985 7_8
8 Hogback Viewpoint East(Route 64) 727756 4071563 8_8
9 Pinon Mesa Viewpoint East (Route 170) 748028 4076670 9_9
10 Pinon Mesa South Viewpoint (same as Viewpoint 8) 727756 4071563 10_9

11 Angel Peak Viewpoint West (Route 550) 771348 4046100 10
Angel 
Peak 775348 4046100 11_10

12 Bisti Badlands Viewpoint West (County Road 7260) 745059 4018153 12_11
13 Bisti Badlands Viewpoint West (Route 371) 761805 4034249 13_11

11 Bisti 
Badlands

757140 4021455

9 Pinon 
Mesa

743201 4077518

8 Hogback 721607 4073728

693246 4062016

7 Chimney 
Rock

702789 4105869

1
Ford Butte West, Bennet Rock East Viewpoint                        

(Route 491)

2
Barber Peak West Viewpoint , Table Mesa East 

Viewpoint, Cathedral Cliff South Viewpoint                              
(Route 491)

6 Shiprock

704524 4028911

705385 4052640
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Figure 1 Viewpoints and Landmarks for Visibility Modeling 
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The degree to which a plume is visible depends in part on the angle of sun, the plume and the line-of-
sight. Plume perceptibility is accentuated when this angle (theta) is small (i.e., the observer faces toward 
the sun) and when theta is large (i.e., sun shines on the observer’s back). For small values of theta, 
referred to as forward scattering, a particulate plume appears bright against the horizon sky and for large 
values of theta, referred to as backward scattering, a plume appears dark against the horizon sky. The 
influence for forward and backward scatter of atmospheric particles is evident to a casual observer when 
viewing the horizon sky. When an observer faces the sun, the horizon sky has a “milky” appearance 
indicating the strong forward scattering of atmospheric particles. When the observer’s back is to the sun 
the horizon sky is darker indicating weaker backward scattering. VISCREEN accounts for effects of 
forward and backward scattering by computing visibility impairment parameters for two values of theta, 10o 
(forward scatter) and 140o (backward scatter).  

Another important factor is the downwind distance that the observer’s line-of-sight intersects the plume. 
VISCREEN looks at a range of downwind distances starting at the distance along the centerline where the 
angle between the line-of-sight and the centerline is 11.25o. VISCREEN also makes separate calculations 
to determine maximum visibility impairment parameters only for lines of sight within a specific range of 
downwind distances corresponding to a particular geographical area (“Inside Class I Area”) and any line of 
sight (“Outside Class I Area”). Because there are no Class I areas within 50 km, the minimum and 
maximum landmark distances from the source are considered. VISCREEN computes visibility impairment 
parameters for two types of plume backgrounds, sky and terrain (in this case the landmark). Results for 
“Outside Class I Area” are applied for the sky background impairment parameters and “Inside Class I 
Area” are used for terrain background parameters. For terrain background, VISCREEN conservatively 
assumes that the plume is between the observer and the landmark, even in cases where the actual plume 
centerline would be high above the landmark.  

The Workbook offers two levels of analyses. A Level 1 screening analysis is the most simplified and 
conservative approach employing default meteorological data. For this application, a Level 2 analysis was 
conducted. A Level 2 analysis, applied here, takes into account representative meteorological data 
corresponding to plume transport toward each viewpoint and landmark.  

3.0   VISCREEN Level II Input Parameters 

The Level 2 analysis described in the Workbook was used to evaluate the worst-case dispersion 
conditions (in terms of atmospheric stability class and wind speed) for each viewpoint-landmark 
combination, which will be referred to as a “vista”. Following the prescribed methods, the meteorological 
conditions were ranked and combinations of wind speed and atmospheric stability that correspond to a 1 
percent worst-case cumulative probability were determined. The five years (2006 – 2010) of 
meteorological data for Navajo Met Tower 1 (the data used for dispersion modeling of FCPP stack 
emissions for the EIS) were analyzed for each 22.5o wind direction sector that best represented the vista. 
The hourly meteorological data were categorized by wind speed and stability and then ranked according to 
values of (wind speed x σz x σy)-1, where σz and σy are the vertical and cross-wind rural PGT dispersion 
coefficients corresponding to the distance from the stack to the viewpoint. The frequency analysis was 
conducted separately for 6-hour time periods. Because plume visibility depends strongly on the relative 
angles of the sun, plume centerline and the observer, worst-case meteorological conditions were based on 
two 6-hour periods: 6:00 a.m. to noon and noon to 6:00 p.m. MST.  

Table 2 provides the wind direction sectors corresponding to each vista and the wind speed and 
atmospheric stability corresponding to cumulative frequency of 1 percent for both the morning (6:00 a.m. – 
noon MST) and afternoon (noon to 6:00 p.m. MST) periods.  
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Table 2 VISCREEN Level 2 Input Distance and Meteorological Parameters for Each Vista 
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VISCREEN was run for the two emission cases: Case 1 represents the existing FCPP Units 1 - 5 at 
emission rates as estimated by the EPA (EPA, 2012); Case 2 represents the future operations of Units 4 
and 5 with NOx controls. The emissions of NOx and primary particulates (including soot and primary 
sulfate) associated with the baseline and future cases applied in VISCREEN are provided in Table 3. 
Attachment A presents the emission rates used for current (actual) conditions and future conditions 
VISCREEN inputs. Soot (elemental carbon) emissions constitute about 37 percent of the fine filterable 
particulate matter. Particulate, soot, and primary sulfate emissions are input separately in VISCREEN 
because each type of particulate has different optical properties. The degree of light scattering and 
absorption associated with particulates is related to size and composition. Smaller particles are more 
efficient at scattering light and particles of elemental carbon also absorb visible light. Particulate 
emissions are comprised mostly of fly ash which is larger in size than sulfate (emitted as H2SO4 
aerosol). Because of its scattering efficiency, a given emission rate of sulfate would have a greater 
effect on plume visibility than the same emission rate of fly ash. In comparing Case 2 and Case 1 
emission rates, particulate fly ash emissions would decrease by 36 percent, NOx would decrease by 87 
percent, soot would decrease by 50 percent, and sulfate would increase by 550 percent. The increase 
of sulfate is associated with NOx emissions controls to be placed on Units 4 and 5. 

Table 3 Modeled Emissions (lb/hr) 

Case Description Particulate (1) NOx 
Soot 

(Elemental 
Carbon) (2) 

Primary 
Sulfate 
(H2SO4) 

1 FCPP Units 1-5 402 11,323 8 10 

2 FCPP Units 4-5 With SCR(3) 259 1,453 4 65 

(1) Particulate emissions are computed from the PM10 total emissions minus soot, and minus primary sulfate. 
(2) Soot emissions constitute about 37 percent of the fine filterable particulate matter. 
(3) Heat input rate of 7,411 mmBtu/hour for each unit. 

 
Ambient ozone concentrations are used in VISCREEN to estimate the degree of conversion of NO to NO2 
in the plume. The 90th percentile of the morning (0.051 ppm) and afternoon (0.057 ppm) ozone 
concentrations measured at the San Juan Substation over the period from 2009 to 2011) were applied. 
The background visual range is used in VISCREEN to estimate the degree to which natural haze obscures 
plume. A natural background visual range of 275 km was used, corresponding to the FLAG guidance for 
the closest Class I area to the FCPP, Mesa Verde National Park. 

4.0   VISCREEN Modeling Results  

The VISCREEN Level 2 modeling results for terrain and sky background for the existing case (Case 1) 
and the future case (Case 2) are summarized in Table 4 and Table 5, respectively. Tables 4a and 5a 
provide results lines for lines of sight with the landmark terrain as the background and Tables 4b and 5b 
provide results for lines of sight with a sky background. Comparison of Tables 4 and 5 indicated that for 
the majority of vista combinations Case 2 results in lesser values than Case 1, indicating a general 
improvement. This change in the visibility parameters from existing to future conditions is examined in 
detail in Table 6. The results in Table 4a and 5a indicate that Vista 10_9 (Piñon Mesa landmark, when 
viewed from the south), experiences the highest ∆E and Cp among vistas in both the morning and 
afternoon lighting conditions. Tables 4b and 5b indicate that Viewpoints 2 and 10 (corresponding to 
Barber Peak from Route 491 and Piñon Mesa landmark from the south) are the viewpoints from which the 
degrees of modeled plume perceptibility are the greatest.  
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Table 4a VISCREEN Results for Landmark Background for Case 1 (Exisitng Emissions)  

Vista 
ID Theta 

Morning Afternoon 
∆E Cp ∆E Cp 

1_1 
10 0.725 0.006 1.763 0.014 

140 0.215 0.001 0.537 0.002 

1_2 
10 0.667 0.005 1.634 0.013 

140 0.200 0.001 0.504 0.002 

2_3 
10 40.211 0.376 20.465 0.153 

140 9.591 0.038 6.885 0.015 

2_4 
10 39.051 0.378 19.522 0.153 

140 10.033 0.040 6.678 0.016 

2_5 
10 40.392 0.377 20.627 0.154 

140 9.601 0.038 6.972 0.015 

3_6 
10 33.091 0.343 14.666 0.125 

140 11.727 0.045 5.439 0.015 

4_6 
10 33.059 0.338 14.613 0.122 

140 11.658 0.043 5.417 0.015 

5_7 
10 13.547 0.139 5.137 0.048 

140 6.344 0.023 1.932 0.007 

6_7 
10 13.537 0.139 5.130 0.047 

140 6.391 0.023 1.952 0.007 

7_8 
10 40.136 0.319 23.926 0.154 

140 7.156 0.025 6.185 0.013 

8_8 
10 36.708 0.320 24.646 0.187 

140 6.224 0.025 5.753 0.015 

9_9 
10 14.074 0.104 20.496 0.165 

140 4.779 0.011 8.285 0.019 

10_9 
10 50.168 0.626 37.032 0.427 

140 24.095 0.312 23.496 0.140 

11_10 
10 7.900 0.084 12.471 0.140 

140 3.350 0.014 5.937 0.026 

12_11 
10 6.708 0.073 9.418 0.106 

140 2.771 0.013 4.181 0.019 

13_11 
10 1.102 0.011 8.583 0.091 

140 0.386 0.002 3.687 0.015 
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Table 4b VISCREEN Results for Sky Background for Case 1 (Existing Emissions) 

Vista  
ID Theta 

Morning Afternoon 

∆E Cp ∆E Cp 

1_1 
10 29.295 0.587 1.991 0.002 

140 7.492 -0.226 1.697 -0.013 

1_2 
10 29.295 0.587 1.988 0.002 

140 7.492 -0.226 1.688 -0.013 

2_3 
10 70.701 1.786 21.512 0.022 

140 28.557 -0.645 19.095 -0.157 

2_4 
10 70.701 1.786 22.449 0.024 

140 28.557 -0.645 19.825 -0.167 

2_5 
10 70.701 1.786 20.195 0.020 

140 28.557 -0.645 18.065 -0.143 

3_6 
10 67.792 1.595 18.507 0.020 

140 25.670 -0.576 15.994 -0.138 

4_6 
10 67.414 1.572 17.511 0.018 

140 25.347 -0.567 15.186 -0.129 

5_7 
10 54.276 1.107 6.754 0.007 

140 17.312 -0.404 5.706 -0.048 

6_7 
10 53.908 1.091 6.652 0.007 

140 17.131 -0.398 5.623 -0.047 

7_8 
10 64.910 1.768 17.312 0.038 

140 26.664 -0.645 15.802 -0.125 

8_8 
10 60.650 1.717 32.594 0.038 

140 28.024 -0.629 29.050 -0.268 

9_9 
10 48.950 1.164 21.107 0.022 

140 15.659 -0.431 18.669 -0.154 

10_9 
10 63.782 1.816 33.336 0.056 

140 29.359 -0.663 23.147 -0.391 

11_10 
10 43.506 0.864 20.033 0.025 

140 12.367 -0.320 15.856 -0.178 

12_11 
10 47.965 0.974 16.886 0.023 

140 14.279 -0.358 12.722 -0.159 

13_11 
10 33.260 0.640 14.356 0.018 

140 8.545 -0.242 11.181 -0.126 
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Table 5a  VISCREEN Results for Landmark Background for Case 2 (Future Emissions) 

Vista  
ID Theta 

Morning Afternoon 
∆E Cp ∆E Cp 

1_1 
10 0.742 0.005 1.803 0.013 

140 0.040 0.000 0.099 0.001 

1_2 
10 0.685 0.005 1.676 0.013 

140 0.037 0.000 0.093 0.001 

2_3 
10 40.149 0.367 20.278 0.144 

140 4.478 0.034 1.296 0.010 

2_4 
10 39.024 0.368 19.396 0.144 

140 4.341 0.035 1.235 0.010 

2_5 
10 40.328 0.368 20.431 0.145 

140 4.523 0.034 1.312 0.010 

3_6 
10 33.180 0.326 14.722 0.117 

140 3.627 0.033 0.964 0.009 

4_6 
10 33.136 0.321 14.656 0.114 

140 3.616 0.032 0.963 0.008 

5_7 
10 13.737 0.127 5.276 0.044 

140 1.083 0.012 0.341 0.004 

6_7 
10 13.716 0.126 5.265 0.044 

140 1.092 0.012 0.344 0.004 

7_8 
10 39.983 0.315 23.716 0.148 

140 3.936 0.024 1.523 0.009 

8_8 
10 36.593 0.313 24.491 0.179 

140 3.036 0.023 1.456 0.011 

9_9 
10 14.065 0.098 20.285 0.154 

140 0.880 0.007 1.474 0.011 

10_9 
10 46.392 0.527 35.362 0.361 

140 12.241 0.127 6.762 0.061 

11_10 
10 8.150 0.077 12.768 0.126 

140 0.580 0.007 1.019 0.013 

12_11 
10 6.960 0.067 9.731 0.096 

140 0.483 0.006 0.723 0.010 

13_11 
10 1.145 0.010 8.836 0.083 

140 0.069 0.001 0.637 0.008 
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Table 5b VISCREEN Results for Sky Background for Casse 2 ( Future Emissions) 

Vista  
ID Theta 

Morning Afternoon 

∆E Cp ∆E Cp 

1_1 
10 25.581 0.648 0.469 0.011 

140 6.922 -0.199 0.264 -0.005 

1_2 
10 25.581 0.648 0.473 0.011 

140 6.922 -0.199 0.263 -0.005 

2_3 
10 61.684 2.140 5.603 0.135 

140 26.800 -0.611 3.443 -0.057 

2_4 
10 61.684 2.140 5.981 0.145 

140 26.800 -0.611 3.637 -0.061 

2_5 
10 61.684 2.140 5.088 0.122 

140 26.800 -0.611 3.184 -0.052 

3_6 
10 58.663 1.912 4.945 0.119 

140 24.225 -0.546 2.870 -0.050 

4_6 
10 58.332 1.885 4.591 0.110 

140 23.933 -0.538 2.685 -0.047 

5_7 
10 47.373 1.288 1.696 0.040 

140 16.212 -0.372 0.924 -0.017 

6_7 
10 47.141 1.270 1.667 0.039 

140 16.044 -0.367 0.909 -0.017 

7_8 
10 58.592 2.052 5.027 0.121 

140 23.770 -0.593 3.204 -0.051 

8_8 
10 57.028 1.968 9.757 0.243 

140 22.726 -0.571 6.092 -0.103 

9_9 
10 42.781 1.316 5.514 0.133 

140 14.178 -0.387 3.365 -0.056 

10_9 
10 59.629 2.096 17.104 0.418 

140 24.561 -0.606 7.640 -0.177 

11_10 
10 38.061 0.979 6.589 0.156 

140 11.679 -0.287 3.236 -0.066 

12_11 
10 41.772 1.114 6.006 0.139 

140 13.425 -0.325 2.628 -0.059 

13_11 
10 29.251 0.713 4.670 0.108 

140 8.142 -0.214 2.121 -0.046 
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Viewpoint 2 has the most potential for a visible plume during the morning while Viewpoint 10 has is most 
potential for a visible plume in the afternoon. Because the maximum modeled magnitude of ∆E and Cp for 
plumes viewed with sky backgrounds far exceed plume visibility thresholds, the modeling indicates that 
plume from FCPP has been visible and will continue to be visible, though to a lesser extent, even after the 
projected reduction in particulate and NOx emissions reductions. 

Table 6 analyzes changes in plume visibility in terms of the plume perceptibility parameter ∆E. The plume 
will sometimes be visible, but to a lesser extent, after the projected reduction in particulate and NOx 
emissions.  Comparison of the modeled results for the future case (Case 2) with the existing case (Case 1) 
indicates that the degree and locations at which a plume may be visible will decrease. This decrease is 
shown in Tables 6 and 7 for ∆E and Cp, respectively, which analyze the differences in the modeled 
parameters between Case 1 and Case 2. Graphs comparing ∆E values for Case 1 and Case 2 for all 
vistas are provided in Attachment B. To gauge the degree to which a modeled change in each visibility 
parameter may be readily perceptible, the change in modeled values have been compared to their 
screening-level significance thresholds (2.0 for ∆E and +/- 0.05 for Cp). The results were summarized in 
terms of the vistas with greatest change, least change as a percent of significance threshold for each 
parameter, and the number of vistas for which the visibility parameters would be improved or be degraded. 
Viewpoints and vistas are modeled to have improvements in plume perceptibility (∆E will decrease). With 
a single exception, modeled reductions correspond to all configurations of the viewed background (terrain 
and sky) and sun angle (forward- and backward-scattering). The exception occurs when observers face 
the sun and view the plume against dark terrain (Terrain Forward Scatter). As a screening-level model 
VISCREEN assumes that the plume passes between the observer and the terrain even though the height 
of the plume centerline is typically elevated well above the line-of-sight. For this sun-plume-terrain-
observer configuration VISCREEN (second column in Table 6) indicates that about half of the vistas may 
have an increase in ∆E but the maximum increase is minor, representing only 13 percent of the ∆E 
significance threshold. Given that the greatest reduction in ∆E is twice the significance threshold, even for 
this configuration the model indicates an improvement.  

The reason that that there are a few vistas where ∆E may increase even though emissions of optically 
active pollutants will decrease has to do with relative scattering effects of emitted particulate and sulfate 
and the light absorbing effects of nitrogen dioxide. Because the future plume, which will have much less 
NO2 than the existing plume but more primary sulfate, it could appear brighter under certain lighting 
conditions, though with less brownish discoloration. The plume could thus be more perceptible against 
dark background terrain which is assumed by VISCREEN. Table 6 also indicates that there are a number 
of locations where ∆E values currently exceeding the detection level would fall below detection.  

Table 7 provides the Case1 and Case 2 comparison analyses for Cp. The table shows improvement 
except for the configuration where an observer is facing the sun and viewing the plume against the sky 
(Sky Forward Scatter). For the Sky Forward Scatter configuration VISCREEN indicates that an increase in 
Cp due to increased plume brightness. This counterintuitive result occurs because a plume comprised only 
of particulate will appear brighter than the background sky when looking toward the sun (forward scatter). 
Primary sulfate, which are in a small (sub micron) size range that effectively scatters light will add to the 
brightness. If NO2 is present some of the light will be absorbed and Cp would be reduced. Thus, by 
reducing NO2 pollution VISCREEN indicates that the plume will be brighter than the background sky. 
Comparisons of Cp values for Case 1 and Case 2 for all vistas are provided in Attachment B. 
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Table 6 VISCREEN Results Comparing Case 1 and Case 2 for Plume Perceptibility (∆E) 

Case 2 minus Case 1 

Change in Morning Plume Perceptibility 
Parameter (∆E) 

 

Change in Afternoon Plume Perceptibility 
Parameter (∆E) 

Terrain 
Forward 
Scatter (1) 

Terrain 
Backward 
Scatter (1) 

Sky 
Forward 
Scatter(1) 

Sky 
Backward 
Scatter(1) 

Terrain 
Forward 
Scatter (1) 

Terrain 
Backward 
Scatter (1) 

Sky 
Forward 
Scatter(1) 

Sky 
Backward 
Scatter(1) 

Vista with Most Improvement* -3.78 -11.85 -9.13 -5.30 -1.67 -16.73 -8.08 -6.73 

Vista with Least Improvement* 0.25 -0.16 -3.62 -0.40 0.31 -0.41 -1.90 -0.55 

Mean Improvement* -0.19 -4.40 -6.39 -1.74 -0.09 -4.60 -5.61 -2.01 

Most Improvement* as a % of Significance Threshold -189% -593% -456% -265% -83% -837% -404% -337% 

Least Improvement* as a % of Significance Threshold 13% -8% -181% -20% 16% -21% -95% -28% 

Mean Improvement* as a % of Significance Threshold -10% -220% -320% -87% -4% -230% -280% -100% 

Number of Vistas Considered (2) 16 16 16 16 16 16 16 16 

Number of Vistas Improved 7 16 16 16 7 16 16 16 

Number of Vistas Significantly Improved (3) 0 5 0 0 0 11 0 0 

Number of Vistas Degraded 9 0 0 0 9 0 0 0 

Number of Vistas Significantly Degraded (4) 0 0 0 0 0 0 0 0 

*  A negative value represents an improvement in visibility in the future. 
(1) VISCREEN results are provided for the two VISCREEN default worst-case theta angles. The two theta angles represent the sun being in front of the observer (forward 

scatter), where theta = 10 degrees or behind the observer (backward scatter), where theta = 140 degrees. 

(2) There are 16 viewpoints from which a sky background is observed and 16 viewpoint-landmark combinations for which a terrain background is observed (see Table 1). 

(3) A vista is significantly improved if the baseline ∆E exceeds 2.0 and the future ∆E is less than 2.0. 

(4) A vista is significantly degraded if the baseline ∆E is less than 2.0 and the future ∆E exceeds 2.0. 
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Table 7  VISCREEN Results Showing the Difference Between Case 1 and Case 2 for Plume Contrast (Cp) 

Case 2 minus Case 1 

Change in Morning Plume Contrast Parameter  
(Cp) 

 

Change in Afternoon Plume Contrast Parameter 
(Cp) 

Terrain 
Forward 
Scatter (1) 

Terrain 
Backward 
Scatter (1) 

Sky 
Forward 
Scatter(1) 

Sky 
Backward 
Scatter(1) 

Terrain 
Forward 
Scatter (1) 

Terrain 
Backward 
Scatter (1) 

Sky 
Forward 
Scatter(1) 

Sky 
Backward 
Scatter(1) 

Vista with Most Improvement* -0.10 -0.19 0.06 -0.06 -0.07 -0.08 0.08 -0.05 

Vista with Least Improvement* 0.00 0.00 0.35 -0.03 0.00 0.00 0.24 -0.03 

Most Improvement* as a % of Significance Threshold -198% -370% 122% -116% -132% -158% 166% -104% 

Most Degradation* as a % of Significance Threshold 0% -2% 708% -54% 0% -2% 480% -60% 

Number of Vistas Considered (2) 16 16 16 16 16 16 16 16 

Number of Vistas Improved 15 16 0 16 15 16 0 16 

Number of Vistas Significantly Improved (3) 0 0 0 0 0 0 0 0 

Number of Vistas Degraded 0 0 16 0 0 0 15 0 

Number of Vistas Significantly Degraded (4) 0 0 0 0 0 0 0 0 

*  A negative value represents an improvement in visibility in the future. 
(1) VISCREEN results are provided for the two VISCREEN default worst-case theta angles. The two theta angles represent the sun being in front of the observer (forward 

scatter), where theta = 10 degrees or behind the observer (backward scatter), where theta = 140 degrees. 

(2) There are 16 viewpoints from which a sky background is observed and 16 viewpoint-landmark combinations for which a terrain background is observed (see Table 1). 

(3) A vista is significantly improved if the baseline Cp exceeds 0.05 and the future Cp is less than 0.05. 

(4) A vista is significantly degraded if the baseline Cp is less than 0.05 and the future Cp exceeds 0.05. 
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Given that all of the results for terrain background and backward scattering for sky background all indicate 
that the future values of Cp will be lower in magnitude, overall the analysis for Cp is consistent with the ∆E 
analysis which indicates that in the future the plume from FCPP will be substantially less perceptible. 
When the results of Cp and ∆E are taken together it is evident that the reduction in future emissions will 
reduce the visibility of a plume from FCPP. Even though the more polluted plume has a lower Cp for some 
sun angles, the plume perceptibility parameter, ∆E, more accurately reflects the expected improvement in 
plume perceptibility.  

5.0   Conclusions 

The local visibility impairment analysis addresses the potential for visible plumes to be present in the 
vicinity of FCPP both prior to and subsequent to the proposed Project. This analysis was carried out as 
part of the EIS for the Four Corners Power Plant and Navajo Mine Energy Project. The methodology 
followed the Workbook (EPA, 1992) and incorporated suggestions made by the National Park Service 
(NPS, 2012). The screening assessment used EPA’s VISCREEN model to evaluate plume visibility 
parameters on sixteen vistas for existing and future emissions of four optically active pollutants (PM, NOx, 
elemental carbon and primary sulfate). VISCREEN computes two visual impact parameters, plume 
contrast (Cp) and plume perceptibility (∆E). Plume contrast is a measure of how dark or light a plume 
appears against the background sky or terrain. The plume perceptibility parameter is considered a more 
complete indicator of plume visibility in that it evaluates how a person perceives differences in light 
intensity over the entire visible spectrum. Although there are no criteria upon which to base the 
acceptability of the modeled visibility parameters, the Workbook provides guidance regarding visibility 
parameter thresholds above which a plume is likely to be discernible to a casual observer. These 
thresholds have been used to evaluate the significance of changes in the modeled visibility associated 
with the Project. 

The proposed Project will result in a large reduction in PM and NOx if implemented. The analysis 
incorporated meteorological data to identify the worst-case conditions for 16 vistas within 50 km. The 
reductions in emissions will result in a net improvement in plume visibility. As shown in Table 8, the plume 
visibility from FCPP will improve for most vistas.  In terms of the plume perceptibility parameter 86 percent 
of the vistas will improve and among these 13 percent will experience sufficient reduction to make the 
plume imperceptible. In terms of plume contrast, 73 percent of the vistas will improve.  Although there is a 
small percentage of vistas where the emission reductions would result in an increase in visible impacts, 
these increases are so small that there is no vista where the increase would be large enough to cause the 
plume to become more visible. In summary, the analysis indicates that there would be a substantial 
reduction in plume visibility associated with the proposed Project.   

This screening-level assessment of plume visibility from FCPP indicates that, despite the emissions 
reductions, there will continue to be times when the downwind plume will be perceptible from various 
viewpoints in the area because the modeled maximum values of the plume visibility parameters ∆E and Cp 
for worst-case meteorological conditions exceed perception thresholds. Given that simplifications included 
in VISCREEN are intended to be conservative, the magnitude of the model parameters should not be 
used as a direct indication of the degree of plume visibility or how often a plume will be visible. Given that 
there are no criteria regarding visible plumes beyond the boundaries of Federal Class I areas, the most 
pertinent information to draw from this analysis is whether and to what degree is the plume visibility is 
likely to change in the future due to the proposed changes at FCPP.  

The reason that reduced emissions of PM and NOx would not cause reductions in the plume visibility 
parameters for all viewpoints is because the corresponding increase in primary sulfate emissions 
increases scattering. However, the modeled increases are very small in comparison to the large modeled 
decreases between Case 1 and Case 2 for the majority of viewpoints and vistas. 
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Table 8 Local Plume Visibility Results (Percentage Vistas Affected) 

Change from Existing to Future FCPP Emissions Plume Contrast Plume Perceptibility 

Vistas with Improved Plume Visibility (1) 73% 86% 

Vistas with Significantly Improved Plume Visibility (2) 0% 13% 

Vistas with Degraded Plume Visibility (3) 24% 14% 

Vistas Significantly Degraded Plume Visibility (4) 0% 0% 

(1) Baseline visibility parameter > Future visibility parameter.  
(2) Baseline visibility parameter > perceptibility threshold and Future visibility parameter < 

threshold.  
(3) Future visibility parameter > Baseline visibility parameter.  
(4) Baseline visibility parameter < perceptibility threshold and Future visibility parameter > 

threshold.  

 

 

 

The analysis demonstrates that the plume perceptibility against the background sky as indicated by ∆E will 
improve (i.e., ∆E will decrease) for all of the viewpoints after implementation of the proposed Project. 
When viewing terrain looking away from the sun, ∆E will significantly decrease for many vistas and when 
terrain is viewed toward the sun, ∆E may increase by a slight but imperceptible degree for some vistas. 
The modeled effects on terrain vistas are highly exaggerated because VISCREEN assumes that the 
plume passes between the observer and the terrain and the terrain is black. The modeling shows that the 
magnitude of plume contrast, Cp, will decrease for most vistas, with the only exception being when viewing 
the plume towards the sun. In this case, the change in Cp is very small and likely to be imperceptible.  
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ATTACHMENT A 
 
 
Emission Rates for Current and 
Future Conditions



fine total fine soil EC total H2SO4 SO4 organic

MMBtu/hr       

(a)

Btu/lb        

(b)

% wt.      

(b)

lb/MMBtu  

(c)
lb/hr lb/hr

lb/MMBtu 

(c)
lb/hr Basis lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr

1

Bituminous Coal, 190 MW, 

PC Wall-Fired, Dry Bottom, 

Venturi Scrubber, Wet FGD

1,863 8,776 0.77 0.78 1,452.77 72.64       0.025 46.56
Stack 

Test
33.06 (d) 9.31 23.7 (d) 22.87 0.88 (f) 9.13 1.68 (g) 1.65 7.45 (i) 42.19 39.63

2

Bituminous Coal, 190 MW, 

PC Wall-Fired, Dry Bottom, 

Venturi Scrubber, Wet FGD

1,863 8,776 0.77 0.64 1,192.01 59.60       0.029 54.01
Stack 

Test
38.35 (d) 10.80 27.5 (d) 26.53 1.02 (f) 9.13 1.68 (g) 1.65 7.45 (i) 47.48 44.78

3

Bituminous Coal, 253 MW, 

PC Wall-Fired, Dry Bottom, 

Venturi Scrubber, Wet FGD

2,400 8,776 0.77 0.59 1,415.86 70.79       0.029 69.59
Stack 

Test
49.41 (d) 13.92 35.5 (d) 34.18 1.31 (f) 11.77 2.17 (g) 2.12 9.60 (i) 61.18 57.70

4

Bituminous Coal, 818 MW, 

PC Cell Burner, Dry Bottom, 

Fabric Filter, Wet FGD

7,411 8,776 0.77 0.49 3,631.27 181.56     0.015 111.16
Stack 

Test
102.268 (e) 43.35 58.92 (e) 56.74 2.18 (f) 31.79 2.15 (h) 2.11 29.64 (i) 134.06 129.73

5

Bituminous Coal, 818 MW, 

PC Cell Burner, Dry Bottom, 

Fabric Filter, Wet FGD

7,411 8,776 0.77 0.49 3,631.27 181.56     0.015 111.16
Stack 

Test
102.268 (e) 43.35 58.92 (e) 56.74 2.18 (f) 31.79 2.15 (h) 2.11 29.64 (i) 134.06 129.73

all 11,323.17 566.16 7.57 9.84 418.98 401.57

(a) Heat input rates are based on the BART spreadsheet approved by EPA.

(b) Higher heating values and sulfur content are based on the average values for calendar years 2002 through 2006.

(d) For a dry bottom boiler fired with bituminous coal and equipped with a scrubber, total filterable PM10 is 71% of filterable PM and fine filterable PM10 is 51% of filterable PM based on AP-42, Table 1.1-6.

(e) For a dry bottom boiler fired with bituminous coal and equipped with a bagouse, total filterable PM10 is 92% of filterable PM and fine filterable PM10 is 53% of filterable PM based on AP-42, Table 1.1-6.

Emission Rates Used for Actual Conditions for Visibility Assessment

Total PM10 

less EC & 

H2SO4

(f) Elemental carbon is 3.7% of fine PM based on the best estimate for electric utility coal combustion in Table 6 of  “Catalog of Global Emissions Inventories and Emission Inventory Tools for Black Carbon”, William Battye and Kathy Boyer, EPA Contract No. 68-D-

98-046, January 2002.

(g) H2SO4 emissions are based on "Estimating Total Sulfuric Acid Emissions from Stationary Power Plants," EPRI, Technical Update, March 2008 and Hardman et al., 1998.  For coal-fired boilers, H2SO4 emissions are determined from "(Q)(98.06/64.04)(F1)(F2)" 

where Q is the uncontrolled SO2 emission rate (lb/hr), F1 is the fuel factor (0.00111 for western bituminous coal), and F2 is the control factor (0.49 for an air preheater and 0.65 for a venturi scrubber).

APS Four Corners Plant

Unit

Filterable PM10 Condensable PM10
Primary 

NO2 (5% 

of NOx)

(i) For pulverized coal-fired boilers with an FGD system, total condensable organic PM10 emissions factor is 0.004 lb/MMBtu based on AP-42, Table 1.1-5. 

Total 

PM10
total coarse

Fine

(c) Baseline NOx and filterable PM lb/MMBtu emissions are based on EPA BART spreadsheet EPA-R09-OAR-2010-0683-0097.xlsx dated 12/13/10.  

Maximum Filterable                

PM Emissions
Description

Max. Heat 

Input

Higher 

Heating 

Value

Fuel Sulfur 

Content

Maximum NOx 

Emissions

(h) H2SO4 emissions are based on "Estimating Total Sulfuric Acid Emissions from Stationary Power Plants," EPRI, Technical Update, March 2008 and Hardman et al, 1998.  For coal-fired boilers, H2SO4 emissions are determined from 

"(Q)(98.06/64.04)(F1+S2)(F2)" where Q is the uncontrolled SO2 emission rate (lb/hr), F1 is the fuel factor (0.0035 for Units 4&5 based on testing), and F2 is the control factor (0.9 for an air preheater, 0.4261 for a wet spray tower and baghouse combined based on 

testing). EPA revised air preheater factor to 0.49.

VISCREEN Inputs March 2013_Updated H2SO4.xlsx Actual U1-5 Emissions 7/23/2013



fine total fine soil EC total H2SO4 organic

Btu/lb        

(b)

% wt.      

(b)

lb/MMBtu  

(c)
lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr

4

Bituminous Coal, 818 MW, 

PC Cell Burner, Dry Bottom, 

Fabric Filter, Wet FGD

SCR 80% 7411 8,776.00 0.77 0.098 726.25 36.31       102.268 (e) 43.35 58.92 (e) 56.74 2.18 (f) 61.91 32.26 (h) 29.64 (h) 164.18 129.73

5

Bituminous Coal, 818 MW, 

PC Cell Burner, Dry Bottom, 

Fabric Filter, Wet FGD

SCR 80% 7411 8,776.00 0.77 0.098 726.25 36.31       102.268 (e) 43.35 58.92 (e) 56.74 2.18 (f) 61.91 32.26 (h) 29.64 (h) 164.18 129.73

all 1,452.51 72.63 4.36 123.82 64.53 328.35 259.46

(a) Heat input rates are based on the BART spreadsheet approved by EPA.

(b) Higher heating values and sulfur content are based on the average values for calendar years 2002 through 2006.

(d) For a dry bottom boiler fired with bituminous coal and equipped with a scrubber, total filterable PM10 is 71% of filterable PM and fine filterable PM10 is 51% of filterable PM based on AP-42, Table 1.1-6.

(e) For a dry bottom boiler fired with bituminous coal and equipped with a bagouse, total filterable PM10 is 92% of filterable PM and fine filterable PM10 is 53% of filterable PM based on AP-42, Table 1.1-6.

(f) Elemental carbon is 3.7% of fine PM based on the best estimate for electric utility coal combustion in Table 6 of  “Catalog of Global Emissions Inventories and Emission Inventory Tools for Black Carbon”, William Battye and Kathy Boyer, EPA Contr

(k) Ammonia is assumed to react with SO4 to form ammonium sulfate per EPRI 2008 if the molecules of NH3 are at least twice those of H2SO4; otherwise, ammonium bisulfate is formed. 

(l) Capture efficiency for ammonium sulfate/bisulfate particles is assumed to be 95% for a venturi scrubber and 99% for a fabric filter, respectively

APS Four Corners Plant

(j) Ammonia slip is, on average, 0.75 ppmvd at 6% O2 for SCR per EPRI 2008.

Total 

PM10

(c) NOx and filterable PM emissions are based final BART rule.  SO2 for future is same as current.

(g) H2SO4 emissions are based on "Estimating Total Sulfuric Acid Emissions from Stationary Power Plants," EPRI, Technical Update, March 2008 and Hardman et al., 1998.  For coal-fired boilers equipped with SCR, H2SO4 emissions 

from fuel are determined from "(Q)(98.06/64.04)(F1+S2)(F2)" where Q is the uncontrolled SO2 emission rate (lb/hr), F1 is the fuel factor (0.00111 for western bituminous coal), S2 is the SCR catalyst SO2 oxidation rate (0.5% for western 

bituminous coal), and F2 is the control factor (0.49 for an air preheater and 0.65 for a venturi scrubber). ENSR assumed SCR rate of oxidation of SO2 to SO3 is assumed to be 1.0%, whereas EPA reduced it to 0.5%. S2 is only applied 

when SCR is used for NOx control.
(h) H2SO4 emissions are based on "Estimating Total Sulfuric Acid Emissions from Stationary Power Plants," EPRI, Technical Update, March 2008 and Hardman et al., 1998.  For coal-fired boilers equipped with SCR, H2SO4 emissions 

are determined from "(Q)(98.06/64.04)(F1+S2)(F2)" where Q is the uncontrolled SO2 emission rate (lb/hr), F1 is the fuel factor (0.0035 for Units 4&5 based on testing), S2 is the SCR catalyst SO2 oxidation rate (0.5% for western 

bituminous coal, and S2 is only applied when SCR is used for NOx control.), and F2 is the control factor (0.49 for an air preheater, 0.4261 for a wet spray tower and baghouse combined based on testing).

(i) For pulverized coal-fired boilers with an FGD system, total condensable organic PM10 emissions factor is 0.004 lb/MMBtu based on AP-42, Table 1.1-5. 

Primary 

NO2 (5% 

of NOx)

Filterable PM10 Total 

PM10 less 

EC & 

H2SO4

Emission Rates Used for Future Conditions for Visibility Assessment

Max. Heat 

Input
Unit Description

New NOx 

BART 

Controls

Percent 

NOx 

Control

Higher 

Heating 

Value

Fuel Sulfur 

Content
total coarse

Fine

Maximum 

NOx 

Emissions

Maximum 

NOx 

Emissions

Condensable PM10
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The plots in this Attachment provide a comparison of the VISCREEN parameters for Case 1 and Case 2 
for each vista. The plume visibility results for the existing future emission cases are provided in Figures  
B-1 through B-8. The existing emission case (Case 1) is on the x axis and the future case (Case 2) is on 
the y axis. Points that fall on or close to the diagonal line indicate that there is no difference between the 
two cases.  

For ∆E, which is always positive, an increase in value indicates a more visible plume. Therefore, points 
that fall below the diagonal line indicate improvement and points that fall above the line indicate 
degradation. 

Cp has a positive value for a bright plume and negative value for a dark plume when compared to the 
background sky or terrain. For positive (bright) values, points that fall below the diagonal line indicate 
improvement and points that fall above the line indicate degradation. For negative (dark) values, points 
below the line indicate degradation and points above the line indicate improvement in plume visibility. 

Figures B-1 and B-2 are scatter plots of the plume perceptibility parameter for terrain background 
resulting from the existing and future emissions during morning and afternoon conditions, respectively. 
The figures indicate that the plume perceptibility parameter will improve with the future case emissions. 
Figures B-3 and Figure B-4 are similar plots of the plume contrast parameter, indicating improvement for 
each vista and viewpoint. Figure B-5 and Figure B-6 show the plume perceptibility parameter for sky 
background during morning and afternoon conditions, respectively, again indicating improvement in visible 
plume impairment. Figures B-7 and Figure B-8 are scatter plots plume contrast for sky background for 
morning and afternoon conditions, respectively. These plots show that for the forward scatter, the plume 
contrast will increase for most viewpoints due to the fact that reduced NO2 in the future plume will result in 
a slightly brighter plume with respect to the background sky but that overall, plume perceptibility will 
markedly improve in the future. 
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Figure B-1 Morning Plume Perceptibility Parameter for Terrain Background 
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Figure B-2 Afternoon Plume Perceptibility Parameter for Terrain Background 
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Figure B-3 Morning Plume Contrast Parameter for Terrain Background 
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Figure B-4 Afternoon Plume Perceptibility Parameter for Terrain Background  
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Figure B-5 Morning Plume Perceptibility Parameter for Sky Background 
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Figure B-6 Afternoon Plume Perceptibility Parameter for Sky Background 
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Figure B-7 Morning Plume Contrast Parameter for Sky Background 
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Figure B-8 Afternoon Plume Perceptibility Parameter for Sky Background 
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1.0   Introduction 
The Four Corners Power Plant (FCPP) SCR Retrofit Project requires a Prevention of Significant 
Deterioration (PSD) permit due to significant emission increases1 of sulfuric acid (H2SO4) mist, respirable 
particulate matter (PM10) and fine particulate matter (PM2.5), resulting from the operation of the SCR 
system to be installed to reduce NOx emissions.  This analysis evaluates the potential impacts to listed 
species or designated critical habitat under the Endangered Species Act (ESA) (16 U.S.C. § 1531 et seq. 
1973) that may be caused by the changes in emissions of these three regulated pollutants.2

2.0   Significant Impact Area 

  

In order to delineate the area to be evaluated for impacts to protected species, preliminary air deposition 
modeling was conducted using the CALPUFF model.  A screening procedure was applied to estimate 
potential changes to soil concentrations of selected metals associated with 25 years of cumulative 
deposition from future FCPP operations.  The estimated concentrations of emitted metals in the air and the 
amount deposited to the surface soil were calculated and compared to measured soil concentrations of 
these metals within San Juan County, New Mexico. 

Eight metals were selected for initial modeling in this screening procedure.  A study by the Electric Power 
Research Institute (EPRI 2011) indicated that arsenic, cadmium, chromium, and mercury represented the 
metals emitted from coal-fired power plants that typically contribute most to ecological risk.  Because it 
was anticipated that the primary ecological risk drivers would be among these eight metals, they were 
selected to be used in the screening process as indicators of deposition to delineate the Significant Impact 
Area (SIA), called the Deposition Area for this assessment. 

To delineate the terrestrial area to be evaluated, the CALPUFF model was applied within a 300-km radius 
of the FCPP to simulate dispersion and deposition of these eight metals in order to estimate the addition of 
metals to surface soil concentrations in the region from future continuous full load operations of Units 4 
and 5 with SCR controls at the FCPP over 25 years.  Due to a lack of available site-specific soil data, the 
predicted surface soil concentrations of emitted metals deposited on the soil were compared to the soil 
concentrations identified in the U.S. Geological Survey (USGS) PLUTO database for San Juan County, 
New Mexico (USGS 2012).  This database represents analyses of soil samples collected from San Juan 
County between 1965 and 1994 in support of USGS programs and was used to calculate the 95% upper 
confidence limit (95UCL) on the mean for each of the eight metals.  The future deposition-related surface 
soil concentration of each metal calculated to accumulate over 25 years was computed (based on 
CALPUFF modeling) and compared to the corresponding 95UCL of the soil concentrations derived from 
the PLUTO data. 

The Deposition Area, shown with the black and white dashed outline in Figure E-1, was determined by 
delineating the area where the predicted incremental increase in soil concentration of any of the metals 

                                                      

1 The use of the term “significant emission increases” is solely intended as a reference to EPA’s use of that term in the 
PSD regulations as the threshold that triggers the PSD requirement.  See 40 C.F.R. § 52.21(b)(23)(i). 

2 This analysis is provided in the event EPA determines that issuance of a PSD permit involves federal agency 
discretion that would trigger ESA Section 7 consultation. 
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after 25 years of future full load plant operations is projected to be more than one percent of current 
concentrations (based on the PLUTO data).  Although it was delineated based on metals deposition, the 
Deposition Area has been used to identify the boundaries of the highest potential deposition of emissions 
of all constituents from the FCPP, including particulate matter and sulfuric acid mist.  Therefore, for 
purposes of the PSD permit application, it is assumed that the Deposition Area is the best representation 
of where the highest concentration of acidic compounds from future operations of FCPP Units 4 and 5 
would be deposited.  Beyond this area, the very small increase in deposition associated with FCPP future 
emissions would be sufficiently low to be considered discountable.3

3.0   Species Evaluations  

  The Deposition Area, including the 
nearby San Juan River, represents the Significant Impact Area for this ESA Analysis that was used to 
identify federally listed species and their habitats and any potential impacts from acid deposition that may 
result from increased sulfuric acid mist generated from SCR operations. 

Nine federally listed species are identified by the USFWS as potentially occurring in San Juan County, 
New Mexico.  Of these nine species, seven were identified as potentially occurring within the Deposition 
Area based on:  

1) coordination with the USFWS, Navajo Nation Natural Heritage Program (NNNHP), and Natural 
Heritage New Mexico (NHNM);  
 

2) habitat requirements and the known distribution of these species; and  
 

3) mapping developed for the Habitat Model in support of the EIS (AECOM 2013b).  

 

                                                      

3 Using a percentage of background as a threshold for deposited metals is consistent with the acidic deposition 
screening approach established by the Federal Land Manager’s Air Quality Related Values Work Group (FLAG 
2011). Given that the FLAG Deposition Analysis Threshold is based on two percent of natural background rather 
than measured background, a one percent threshold of measured soil concentration was determined to be a 
conservative screening threshold.  Any soil concentration with an accumulation of less than one percent of 
background under future conditions (25 years of accumulation) was determined to be discountable. 
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Figure E-1 Deposition Area Boundary 
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Table E-1 summarizes these species and their potential to occur within the Deposition Area where they 
could be subject to deposition from FCPP emissions. 

Table E-1.  San Juan County ESA Listed and Candidate Species1 and Occurrence within the Deposition 
Area 

Group Name ESA Status Habitat in Deposition Area 
Birds Southwestern willow 

flycatcher  
(Empidonax traillii 
extimus) 

Endangered Known to occur. Habitat found in cottonwood/willow 
and tamarisk vegetation communities along rivers and 
streams. 

Birds Mexican Spotted Owl  
(Strix occidentalis 
lucida) 

Threatened May occur in the limited acreage of canyons and dense 
forests. Habitat includes mixed-conifer forest, pine-oak 
forest, and riparian areas 

Birds Yellow-billed cuckoo 
(Coccyzus 
americanus) 

Candidate May occur. Habitat may exist along the San Juan River 
in relatively dense, wooded, streamside riparian habitat.  

Mammals Black-footed Ferret 
(Mustela nigripes) 

Endangered Does not occur although habitat (prairie dog colonies) 
exists. Considered extirpated in New Mexico with the 
last confirmed occurrence documented in 1934 
(BISON-M 2012). 

Fishes Colorado pikeminnow 
(Ptychocheilus lucius) 

Endangered; 
Designated 
critical habitat 

May occur. The San Juan River within the Deposition 
Area is part of the designated critical habitat. 

Fishes Razorback sucker 
(Xyrauchen texanus) 

Endangered; 
Designated 
critical habitat 

May occur. The San Juan River within the Deposition 
Area is part of the designated critical habitat. 

Fishes Roundtail chub (Gila 
robusta) 

Candidate While there may be habitat, this species has not been 
reported in the Deposition Area. There is a record of 
occurrence to the west in the San Juan River. 

Plants Mancos milk-vetch 
(Astragalus 
humillimus) 

Endangered May occur. Relatively small amount of habitat (750 
acres) in Deposition Area. Typically found on large, 
nearly flat sheets of exfoliating sandstone in small 
depressions and sand-filled cracks on ledges and mesa 
tops. 

Plants Knowlton's cactus 
(Pediocactus 
knowltonii) 

Endangered Habitat does not occur in Deposition Area. The only 
viable population exists south of La Boca, Colorado, in 
San Juan County, New Mexico (USFWS 1985). 

Plants Mesa Verde cactus 
(Sclerocactus mesae-
verdae) 

Threatened May occur. Not reported south of the San Juan River. 
Habitat is primarily salt-desert scrub communities in the 
Fruitland and Mancos shale formations, and in the 
Menefee Formation overlying Mancos shale. Most 
frequently found on the tops of hills or benches and 
along slopes. 

1Source: USFWS 2011. 
 

http://bison-m.org/booklet.aspx?id=041375�
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3.1 Plants 

Suitable habitat exists within the project vicinity for the two species of plants listed within the Deposition 
Area (AECOM 2013a). 

According to the USFWS Mesa Verde Cactus Recovery Plan (USFWS 1984), the known distribution of 
Mesa Verde cactus in San Juan County extends from the Colorado/New Mexico border east to Waterflow, 
New Mexico, approximately 15 miles west and 10 miles south of Shiprock, New Mexico (USFWS 1984). 
There is also one isolated population located one mile south of Sheep Springs, New Mexico (USFWS 
1984).  Three of the five known populations exist on the Navajo Nation and a fourth exists east of the 
Hogback and north of Waterflow, New Mexico on Bureau of Land Management (BLM) administered lands, 
Public Service Company of New Mexico lands, and other private lands (USFWS 1984). 

Known distributions for the Mancos milk-vetch are located within a 10 km radius of the FCPP (NMNH 
2011, NNNHP 2011). Populations have been identified from Mancos Canyon, Colorado, and follow a 
narrow band of Mesozoic sandstone approximately 25 miles south to the San Juan River in San Juan 
County, New Mexico (USFWS 1989). 

3.2 Fish 

Suitable habitat exists within the Deposition Area for the razorback sucker and Colorado pikeminnow 
within the San Juan River. However, only the Colorado pikeminnow has been documented as occurring 
within the area of potential effect (NHNM 2011).  In San Juan County, New Mexico, designated critical 
habitat for both species is located within the San Juan River and its 100-year floodplain within the 
Deposition Area (59 Federal Register 13399-13400 [FR DOC # 94-6508] March 21, 1994). 

The Colorado pikeminnow has been documented within the San Juan River from Shiprock, New Mexico, 
to the Lake Powell inflow (USFWS 2002a).  Lake Powell defines the downstream distribution with irrigation 
diversions blocking any upstream movement (USFWS 2002a).  However, data from the NHNM indicates 
that this species was identified within 10 km of the FCPP in 2002 (NHNM 2011) and critical habitat has 
been designated within the Deposition Area (Figure E-1).  In San Juan County, New Mexico, critical 
habitat is located within the San Juan River and its 100-year floodplain, extending from the State Route 
371 bridge near Farmington, New Mexico to Neskahai Canyon in the San Juan arm of Lake Powell up to 
the full pool elevation.  

The razorback sucker is stocked in the San Juan River a location near Shiprock.  Designated critical 
habitat extends from the Hogback Diversion, approximately in the middle of the Deposition Area, to the 
San Juan arm of Lake Powell. 

3.3 Birds 

The southwestern willow flycatcher is associated with riparian habitats.  Approximately 6,700 acres of 
suitable habitat exist within the Deposition Area (AECOM 2013a).  The southwestern willow flycatcher is 
a breeding resident in San Juan County, New Mexico, with small breeding populations occurring along 
the San Juan River drainage (USFWS 2002b).  Occurrence records exist for this species within the 
Deposition Area (NNNHP 2011). 
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The Mexican spotted owl is found within canyons containing mixed-conifer forests.  Approximately 800 
acres of potential nesting habitat occur within the Deposition Area (AECOM 2013a).  

Under Section 7 of the ESA, there is no requirement for federal agencies to consult on species that have 
been delisted or species that are designated as federal candidates.  The yellow-billed cuckoo is the only 
candidate species with potential habitat in the Deposition Area and has been excluded from the effects 
determination. 

3.4 Mammals 

No known species of listed mammals are expected to be found within the Deposition Area.   

4.0   Acid Deposition from Future SCR Operations 
The installation of SCR controls at FCPP will greatly decrease NOx emissions from Units 4 and 5 
(approximately 18,600 tons per year [tpy] reduction) and slightly increase sulfuric acid mist emissions 
compared to current operating conditions.  Because the Deposition Area extends less than 50 km from the 
FCPP at its furthest distance, more detailed air dispersion and deposition modeling needed to predict the 
effects of stack emissions from future FCPP operations was performed using AERMOD (version 12345).  
This modeling calculated the annual quantities of acid-forming compounds emitted and deposited from 
operation of FCPP Units 4 and 5 with SCR systems.  In order to use a single value to represent the acid-
forming compounds deposited from FCPP emissions, the results were converted to combined total 
hydronium ions.  Hydrochloric acid and hydrogen fluorine emission factors were based on emission factors 
for coal-fired electric generating units prepared by EPRI (2009).  Sulfuric acid emission factors were 
provided by APS based on engineering estimates. Table E-2 presents the findings of the deposition 
modeling for all acid-forming compounds emitted from FCPP stacks under the future operations of Units 4 
and 5. 

Table E-2.  Modeled Annual Acid Deposition from FCPP in Top 2 cm of Soil 

Acid 
Deposition 

H2SO4 
(g/m2/yr) 

SO2 
(g/m2/yr) 

NOx 
(g/m2/yr) 

S 
(g/m2/yr) 

N 
(g/m2/yr) 

HCl 
(g/m2/yr) 

HF 
(g/m2/yr) 

Total H+ 
equivalents 

/m2/yr* 

Maximum 0.071 0.049 0.012 0.048 0.0037 0.0075 0.026 0.0047 

Average within 
10 km Radius 0.0037 0.0069 0.0014 0.0047 0.00043 0.00058 0.0020 0.0018 

Average within 
Deposition 
Area 

0.0015 0.0025 0.00051 0.0017 0.00016 0.00027 0.00094 0.0016 

* Assumes each mole of S results in 2 H+ equivalents and each mole of N, HCl, and HF result in 1 H+ equivalent. 
  g/m2/yr –  grams per meter squared per year. 

H+ – Hydronium ion 
H2SO4 – Sulfuric acid 
HCl – Hydrogen chloride 
HF – Hydrogen fluoride 

N – Nitrogen 
NOx – Nitrogen oxides 
S – Sulfur 
SO2 – Sulfur dioxide 
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Soil acidity affects the chemical properties and leaching potential of other contaminants emitted from the 
FCPP because metals are less soluble in water as pH increases.  If the metals are less soluble, they are 
less mobile in the soil profile and therefore less biologically available to plants and animals.  Due to the 
relatively high alkalinity of all soils within the Deposition Area (median pH of 8.2 based on the soil surveys 
[NRCS 2008a, 2008b, 2009] and 7.8 for the soil samples collected within the Deposition Area in 2013 in 
support of the EIS and ESA Section 7 consultation), it was assumed at the start of the analysis of impacts 
that the high buffering capacity of the soils would minimize the effects of acid deposition.  

An evaluation of the acid neutralization potential of the soils was used to determine whether acid 
deposition would affect species habitats within the Deposition Area.  The testing procedure was based on 
the Sobek method described in EPA-600/2-78-054 called “Field and Laboratory Methods Applicable to 
Overburdens and Minesoils” (EPA 1978).  The process involves treating the soil sample with a known 
quantity of standardized HCl and determining the amount of unconsumed acid by titration with 
standardized sodium hydroxide. 

To establish the neutralization potential of the soils within the Deposition Area, laboratory tests were 
performed on 17 soil samples collected during the 2013 field sampling effort.  Composites of the 30 cm 
soil depths were thoroughly mixed in proportion to the amount of soil depth represented (typically 0 –2 cm, 
2 –15 cm, and 15 – 30 cm).  The laboratory test results were checked and validated by AECOM.  

To determine whether the quantity of acid deposition coming from the FCPP would affect the pH of the 
soils within the Deposition Area, a comparison of the soil acid neutralizing capacity (ANC) to the maximum 
deposition of acid-forming hydronium ions was conducted.  The lowest value for the ANC (6 t/Kt4

This evaluation was completed by comparing the total volume of acid deposited in the top 2 cm of soil to 
the ANC for the same amount of soil.  The impact of 25 years of acid deposition from the Plant on the soil 
ANC was determined using the following basic steps: 

 of 0.1 
Normal HCl) from the laboratory testing was selected for comparison based on the assumption that, if 25 
years of acidic deposition would be neutralized without significantly changing the alkalinity in the soil with  
the lowest measured ANC, then there would be no effect on the other soils in the deposition area with 
more buffering capacity.  

• In the top 2 cm of a 1 m2 area, there are 20,000 cm3 or 32,000 g (using a typical soil density of 1.6 
g/cm3).  

• To neutralize the soil with the lowest ANC (6 t/Kt of 0.1 Normal HCl), it took 2.4 ml of 0.1N HCl per 
2 g or 1.2 ml 0.1N HCl per g.  

• To neutralize 32,000 g of soil with the lowest ANC requires 38,400 ml or 38.4 L of 0.1N HCl    
(32,000 g * 1.2 ml/g  0.1N HCl = 38,400 ml 0.1N HCl).  

• 38.4 L of 0.1N HCl contains 3.84 moles (equivalents) of hydronium ions (H+). 

• As shown in Table E-2, the maximum acid deposition predicted is 0.0047 H+ equivalents per 
square meter per year or approximately 0.119 H+ eq/m2 in 25 years.  

                                                      

4 t/Kt = tons/kiloton = parts per thousand 
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• Neutralization of the maximum deposition predicted over 25 years would utilize 3 percent of the 
acid neutralizing capacity of the soil with the lowest ANC (0.119 H+ eq/m2/25 years [from 
deposition] divided by 3.84 H+ eq/m2 [existing neutralization capacity]). 

The use of the buffering capacity for the soil with the lowest ANC, which is the soil that would be the most 
affected by acid deposition, provides the most conservative estimate of the effect that acid deposition 
would have on the soil.  The calculations of the buffering capacity assumed that all acid deposition would 
accumulate in the top 2 cm of soil over 25 years, when in reality, it is likely that some of the acidic 
deposition would move from the soil surface by erosion or leaching.  Most of the soil samples collected 
from the Deposition Area had much higher ANC values (maximum = 174 t/Kt; median = 85 t/Kt), requiring 
greater amounts of acid deposition to reduce the soil pH.  Based on this analysis, it can be concluded that 
the soil within the Deposition Area has the ability to accept much more acidic deposition than would be 
generated by FCPP emissions before any significant change to soil pH would occur. 

Soil acidity affects the chemical properties and leaching potential of metals because they are typically less 
soluble in water as pH increases.  If the metals are less soluble, they are less mobile in the soil profile, less 
likely to leach through the soil into the groundwater, and less biologically available to plants and animals. 
For example, the Natural Resources Conservation Service (NRCS 2000) recommends increasing the pH 
of contaminated soils to 6.5 or higher to make heavy metals (such as those emitted from the FCPP stack) 
less available to plants and animals.  Because the addition of acid deposition from FCPP stack emissions 
would not reduce the soil pH to less than 6.5, metals in the soils in the area of highest potential deposition 
(Deposition Area) would not be more mobile than under current conditions. 

Between Farmington and Shiprock, the average pH of the San Juan River, where designated critical 
habitat for the Colorado pikeminnow occurs, is over 8.0 (Bliesner and Lamarra 2004) with average annual 
flow rates of more than 1,700 cubic feet per second at Farmington (USGS 2013), which is just upstream 
from the Deposition Area.  With the high flows in the San Juan River, the small amount of acid deposition 
directly onto the river would have little or no effect on the pH of the fish habitat. 

5.0   Particulate Matter 
The National Ambient Air Quality Standards (NAAQS) were developed to establish a limit on pollutants 
considered harmful to public health and the environment.  The primary standards provide public health 
protection and the secondary standards provide for protection against decreased visibility and damage to 
animals, crops, vegetation, and buildings.  According to air modeling performed in support of this PSD 
permit application and the EIS (AECOM 2013c), although an increase in PM emissions is projected due to 
increased sulfuric acid mist, the future operations of Units 4 and 5 with SCRs will be well below both the 
primary and secondary NAAQS for PM10 and PM2.5.  Because the air quality standards for PM10 and PM2.5 
will not be exceeded during future operations of Units 4 and 5, it can be concluded that the PM emissions 
will not adversely affect the environment or the populations and habitat of listed species. 

6.0   Summary 
The installation of SCR controls at the FCPP will greatly decrease NOx emissions from Units 4 and 5 and 
slightly increase sulfuric acid mist emissions compared to current operations.  The highest concentration of 
acid deposition will occur on the soil surface within the Deposition Area.  Due to their high buffering 
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capacity, the soils would not be affected by the small concentration of acidic compounds that would be 
deposited from FCPP emissions.  Because the small amount of acid deposition in water bodies would be 
diluted by flowing water and deposition on plants would not accumulate over a long period of time, no 
adverse effects on soils, water bodies, plants, or the ecosystem would result from FCPP SCR Retrofit 
Project-related emissions. 

Because PM emissions would not exceed the NAAQS, no adverse effect on soils, water bodies, plants, or 
the ecosystem would result from Project-related emissions. 

The Deposition Area is where the highest concentration of acidic compounds from future operations of 
FCPP Units 4 and 5 would be deposited.  Because the ecosystem within the Deposition Area would not be 
altered by the small increase in acidic deposition, there would be no effect on federally listed endangered, 
threatened, or candidate species or their habitats resulting from the installation and operation of the FCPP 
SCR Retrofit Project. 
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Units 4 & 5 – Indirect Heat Exchanger – H2SO4 CAM Plan 

 

This section contains the CAM plan being proposed for Units 4 and 5 for H2SO4.  The control train for 
Units 4 and 5 includes an SO3 mitigation system, which is the primary control system used to minimize 
the formation and emission of H2SO4. 

CAM Background 

Table 1: Emission Unit and H2SO4 Controls 

Facility: 
Arizona Public Services 
Four Corners Power Plant 
Fruitland, NM 

Emission Unit Identification: Units 4 and 5 

Description: 

Units 4 and 5 are dry bottom, opposed fired boilers with nominal heat 
capacities of 7,411 MMBtu/hr.  At a nominal coal heat input of 8,776 
Btu/lb, the each boiler can fire up to 422 tons/hr of coal.  Unit 4 was 
constructed in 1969 and Unit 5 was constructed in 1970. 

H2SO4 Controls: 

Upon completion of the project, as outlined in the PSD permit 
application, the boilers will be equipped with low NOx cell burners, SCR 
systems, an SO3 mitigation systems, baghouses, and wet FGD systems.  
The SO3 mitigation systems will be designed specifically to control SO3 
and, subsequently, the formation of H2SO4 emissions. 

 

Table 2: Applicable Regulations and Current Monitoring for H2SO4  

Pollutant: H2SO4 

Regulation: Expected PSD BACT emission limit to be issued pursuant to 40 CFR  
52.21(b)(12) 

Emission Limit: 
There currently is no H2SO4 emission limit in place for Units 4 and 5.  
The proposed BACT emission limits are 0.00435 lb/MMBtu which is 
equivalent to 1.5 ppmvd corrected to 3% O2. 

Current Monitoring 
Requirements: 

As there is currently no applicable H2SO4 emission limit, there are no 
current monitoring requirements specifically for H2SO4. 

 

Table 3: Current Estimated Pre-Controlled and Controlled H2SO4 Emissions 

CAM Designation: Large PSEU 
 

CAM Applicability 

The Units 4 and 5 boilers will be subject to a BACT emission limit for H2SO4 upon issuance of the PSD 
permit.  Pursuant to 40 CFR 64.2(a), because the SO3 mitigation system is used to achieve compliance 
with this emission limit and potential pre-controlled H2SO4 emissions (calculated at the exit of the air pre-



AECOM Environment      F-2 

H2SO4 CAM Plan March 2014 

heater) exceed 100 tpy, CAM applies to the Units 4 and 5 boilers for H2SO4.  This CAM plan addresses 
the proposed monitoring that will ensure compliance with the H2SO4 emission limit. 

Monitoring Approach for H2SO4  

SO3 is generated in the Units 4 and 5 boilers due to the oxidation of sulfur in the combustion process.  
Additional SO3 can be generated in the SCR unit due to catalytic oxidation of SO2 to SO3.  The amount of 
SO3 generated is a function of coal sulfur content, operating conditions (e.g., gas temperature) and 
characteristics of the SCR system (e.g., catalytic material).  SO3 reacts with water in the flue gas to form 
H2SO4 vapor, which then condenses to form sub-micron H2SO4 mist.  APS will primarily utilize an SO3 
mitigation system to control H2SO4 formation and emissions although the SO3 control attained in the other 
existing control devices for PM and SO2 namely the baghouses and wet FGDs, is also enhance the SO3 
system. 

The specific design and operation of the SO3 mitigation system has not yet been finalized so APS is still 
working with prospective equipment vendors on design details.  However, it is anticipated that  the system 
will use hydrated lime and will consist of a sorbent receiving and storage system and an injection system.  
The sorbent will be injected in the flue gas immediately downstream of the economizer.  The sorbent 
reacts with the SO3 to form solid compounds (e.g., sodium sulfate), which are removed in the dry 
baghouses and wet FGD systems. 

The effectiveness of the SO3 mitigation system will be a function of the sorbent injection rate, the 
stoichiometric ratio of calcium to sulfur, the sorbent particle size and physical characteristics (e.g., surface 
area), the degree of mixing in the flue gas, and residence time.  The mixing and residence time properties 
are not anticipated to be control parameters once the system is installed.  Direct continuous 
measurement of SO3 and/or H2SO4 in the flue gas is not technically feasible currently.  Therefore, APS 
proposes to use the sorbent injection rate as the primary indicator of performance of the SO3 mitigation 
system.  Continuously monitored SO2 emissions will also be used as a secondary indicator parameter, 
since SO3 formation, and thus H2SO4 emissions, may be correlated to SO2 emissions. 

APS is not in the position of having had a PSD construction permit issued, and initial compliance tests 
completed before the requisite CAM plan is submitted.  Accordingly, certain aspects of the monitoring 
approach proposed cannot be finalized or implemented until start-up and initial performance testing is 
completed.  Pending future changes based on the results of the initial compliance testing, the monitoring 
approach outlined in Table 4 should provide on-going assurance of compliance with the anticipated 
H2SO4 BACT emission limit.  The specific details regarding each monitoring method and the monitoring 
performance criteria are provided in the following table: 

Table 4: Units 4 and 5 – Monitoring Approach Summary for H2SO4  

Method Indicator Parameter Range Frequency 

1. SO3 Mitigation 
System Monitoring 

Sorbent Injection Rate 
(lb/hr/acfm) 

To be established during 
initial performance test. Continuous 

2. SO2 Emissions 
Monitoring 

SO2 Emission Rate (30-
day rolling average) <0.30 lb/MMBtu Continuous 
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Table 5: Primary Indicator #1 – Sorbent Injection Rate 

General Criteria 

Primary Indicator Sorbent Injection Rate (lb/hr/acfm) 

 Measurement Approach Sorbent injection rate will be continuously recorded (data captured 
at least once every 15 minutes) 

Indicator Range A minimum injection rate threshold will be set during the first 
performance test.  An excursion will be defined if the hourly 
average injection rate falls below this threshold. 

 Corrective Actions 

In response to an excursion, APS will initiate an inspection of the 
injection system to determine the cause within 30 minutes of 
discovery and then will correct any revealed performance issues in 
the most expedient manner possible. 

Performance Criteria 

Data Representativeness A mass flow meter will be installed on the injection line between the 
sorbent storage silo and injection point.  The specific manufacturer 
and model for the flow meter will be selected as part of the final 
engineering design of the system.  The mass flow meter will be 
selected to have an accuracy of approximately ± 10% of the target 
span. 

Verification of Operational 
Status 

APS will follow the installation, calibration, and startup procedures 
recommended by the manufacturer of the equipment prior to putting 
the metering system into operation. 

QA/QC Practices and Criteria The mass flow meter will be periodically calibrated in accordance 
with the manufacturer’s recommended practices. 

Monitoring Frequency  

 

 Data Collection Procedure 

 

 Averaging Period 

Mass flow data will be captured at least once every 15 minutes 
when the system is in use. 

The mass flow meter will be equipped with a process logic 
controller that will capture readings electronically and send t hem to 
a data storage drive, where the information can be monitored and 
trended. 

Up to four (4) readings each hour will be averaged to yield an 
hourly average injection rate for each operating hour of the day.   

Recordkeeping • Electronic archives of sorbent injection rate data 
• The causes and corrective actions taken associated with any 

excursions will be noted in the maintenance log 
• Documentation and records of mass flow meter calibrations 

Reporting A summary of sorbent injection readings and a tally of excursions 
will be provided in the Title V semi-annual monitoring reports. 
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Secondary Indicator #2 – SO2 Emission Rates 

The Unit 4 and 5 boilers will use a 40 CFR Part 75 compliant CEMS to continuously measure SO2 at the 
outlet of the main stack as a backup in case the primary indicator is out of service.  The data reporting 
system for the CEMS will calculate SO2 emission rates in terms of lb/MMBtu based on a 30-day average 
for the emission units.  SO2 emissions from Units 4 and 5 will be limited to 0.30 lb/MMBtu based on a 
rolling 30 boiler operating day average pursuant to the Mercury Air Toxics Standard. In response to an 
excursion, APS will initiate an inspection of the SO3 mitigation system within 30 minutes of discovery to 
determine the cause and then will correct any revealed performance issues in the most expedient manner 
possible. 

Monitoring Approach Justification 

Rational for Selecting Performance Indicators 

Monitoring of the sorbent injection rate provides direct confirmation that the SO3 mitigation system is in 
operation.  Because other variables associated with the operation of the SO3 mitigation system (e.g., size 
and characteristics of the sorbent) are relatively fixed upon start-up and reaching steady-state operation, 
maintaining the sorbent injection rate at a value that exceeds the lower threshold value established in the 
performance test will ensure that H2SO4 emissions are also kept to levels less than the limit. 

During the initial performance test, APS will confirm that when the SO2 emission rate is below the 
allowable emission rate, the H2SO4 emissions are also below their allowable rate.  Because SO2 and 
H2SO4 emissions should be correlated, SO2 should serve as a suitable surrogate for H2SO4 emissions.  
Therefore, continuous monitoring of SO2 at levels below its allowable rate will provide a level of 
assurance that the H2SO4 emissions also remain below the allowable rate. 

Rational for Selecting Indicator Ranges 

Because the specific vendor and design of the SO3 mitigation system has not yet been selected, and 
initial performance testing has not yet been completed, it is not possible to establish the excursion range 
for the sorbent injection rate.  APS will follow the initial SO2 and H2SO4 compliance testing schedule 
specified in the PSD permit, and anticipates that testing will occur within 180 days of start-up of the SCR 
system.  During the test, monitoring data will be collected to establish the threshold.  This testing will be 
conducted under conditions that would be expected to yield the highest H2SO4 emission rate (e.g., 
highest coal sulfur content and lowest SO3 sorbent injection rates).  SO2 emissions will be continuously 
monitoring simultaneous with the H2SO4 emissions testing.  The final test plan will detail the operating 
conditions and target sorbent injection rates that will be used during which H2SO4 emissions are 
measured.  The target sorbent injection rates for the final initial test will be determined based on 
consultations with the equipment vendor. 
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